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Date : December 22, 1999 
Docket No.: 0230-0145P 



Assistant Commissioner for Patents 
Washington, DC 20231 

Sir: 

This is a Request for filing a □ continuation divisional 
application under 37 C.F.R. § 1.53(b) of pending prior 
Application No. 08/669,286 filed on June 28, 1996, the entire 
contents of which are hereby incorporated by reference, 
by 

NAKAMURA Seiji, SAKURAI Takashi, and NEZU Jun-ichi 
for 

GENE ENCODING ADSEVERIN 



1. v4 



Enclosed is an application consisting of specification, 
claims, declaration and drawings/photographs (if 
applicable) . 

The filing fee has been calculated as follows: 



Mail Address: P.O. Box 747, Falls Church, Virginia, USA 22040-0747 
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LARGE ENTITY 


SMALL ENTITY 




BASIC 


FEE 


$760.00 


$380.00 




NUMBER 
FILED 


NUMBER 
EXTRA 


RATE FEE 


RATE FEE 


TOTAL 
CLAIMS 


3-20 = 


0 


x 18 = $0.00 


x 9 = $0 . 00 


INDEPENDENT 
CLAIMS 


2-3 = 


0 


x 78 = $0.00 


x 39 - $0.00 


□ MULTIPL 
CLAIMS 


E DEPENDENT 
PRESENTED 


+ $260.00 


+ $135.00 


I TOTAL 


$760.00 


$0.00 



3. \/ ^ A check in the amount of $7 60.00 to cover the filing 

fee and recording fee (if applicable) is enclosed. 

4. □ Please charge Deposit Account No. 02-24 4 8 in the amount 

of $0.00. A triplicate copy of this request is 
enclosed . 

5. Amend the specification by inserting before the first line 
thereof the following: 

a. □ --This application is a □ continuation 

□ divisional of co-pending Application No. 
08/669,286, filed on June 28, 1996, the entire 
contents of which are hereby incorporated by 
reference . -- 

b. g| — This application is a □ continuation 

^ divisional of co-pending Application No. 
08/669,286, filed on June 28, 1996. Application No v 
08/669,286 is the national phase of PCT International 
Application No. PCT/ JP94 / 02227 filed on December 27, 
1994 under 35 U.S.C. § 371. The entire contents of 
each of the above-identified applications are hereby 
incorporated by reference. -- 

6. □ Transfer the drawings/photographs from, the prior 

application to this application and abandon said prior 
application as of the filing date accorded this 
application. A duplicate copy of this request is 
enclosed for filing in the prior application file. 
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3 Enclosed are thirteen (13) sheets of formal drawings 
and/or photographs. 

8. □ A statement claiming small entity status was filed in 

prior Application No. 08/669,286 on . See the 

attached copy of the statement claiming small entity 
status . 

9. ^ The prior application is assigned to Chugai Seiyaku 

Kabushiki Kaisha • 

10. |3 A Preliminary Amendment is enclosed. 

11a. □ Priority of Application No(s). filed in on 

is/are claimed under 35 U.S.C. § 119. See 

attached copy of the Letter claiming priority filed in 
the prior application on . 

lib. |3 Priority of International Appln. PCT/94/02227 filed on 
December 27, 1994 under the Patent Cooperation Treaty 
and Japanese Application Nos. 5-355112, 6-160236, and 
6-340692 filed in Japan on December 28, 1993, July 12, 
1994, and December 20, 1994, respectively under 35 
U.S.C. § 119 are hereby reclaimed. 

12. |3 An Information Disclosure Statement and PTO-1449 form 

are attached hereto for the Examiner's consideration. 

13. ^ Address all future communications to: 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 
P.O. Box 747 

Falls Church, VA 22040-0747 
Telephone: (703) 205-8000 
or 

Customer No. 2292 

14. □ An extension of time for (__)_ month (s) until 

has been submitted in parent Application No. 08/669,286 
in order to establish co-pendency with the present 
application . 

15. □ Also enclosed herewith is the following: 
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If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; 
particularly, extension of time fees. 



Respectfully submitted, 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 




P.O. Box 7 47 fr 
Falls Church, VA 22040-0747 
(703) 205-8000 



Ge ia/d ft. Mu/rpWy , Jr . , #28, 977 



MarysAnjie Aamsttrofng, # 40, 069 



GMM/fA/mar 
0230-0145P 



Attachments 



(Rev. 09/15/99} 
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PATENT 
0230-0145P 



IN THE U.S. PATENT AND TRADEMARK OFFICE 



Applicant : 



NAKAMURA Seiji et al. 



Appl . No . : 



Rule 53(b) of Application 
No. 08/669,286 



Group : 



UNKNOWN 



Filed: 



December 22, 1999 



Examiner: UNKNOWN 



For : 



GENE ENCODING ADSEVERIN 



PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents 



December 22, 1999 



Washington, DC 20231 
Sir: 

The following preliminary amendments and remarks are 
respectfully submitted in connection with the above-identified 
application. 

In the Abstract 

Please amend the Abstract as follows: 
Page 60 

Line 3, change "SEQ ID NO: 4 or 5" to — SEQ ID NO: 4 or 6— 
Line 11, change "SEQ ID NO: 4 or 5" to --SEQ ID NO: 4 or 6— 



Rule 53(b) Div. of Serial No.: 08/669,286 
New Attorney Docket No. 0230-0145P 



In the Specification 

Please amend the Specification as follows: 

Please replace pages 46-58 of the specification with the 
Substitute Sequence Listing enclosed herewith. Please renumber the 
Claims, consecutively from page 67 of the Substitute Sequence 
Listing. 

Page 1 

Line 2, replace "filament-serving" with — filament- 
severing — . 

Page 6 

Line 26, change "SEQ ID NO: 5" to — SEQ ID NO: 6-- 

Page 7 

Final line, replace "actin-serving" with — actin- 
severing — . 

Page 8 

Line 19, after "adseverin fragment" insert — (SEQ ID 

NO:l) — 
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Line 21, change "and villin." to — (SEQ ID NO: 10, residues 
413-424) and chicken villin (SEQ ID NO:18).~ 

Line 23, after "thermolysin" insert — (SEQ ID NO: 10, 
residues 179-187 and 292-296) — 

Line 24, after "gelsolin" insert — (SEQ ID NO:5, residues 
129-137 and 243-247) — 



Page 9 

Line 4, after "invention" insert --(SEQ ID NO: 5) — 

Line 6, after "gelsolin" insert --(SEQ ID NO: 10) — 

Line 6, after "villin" insert — (SEQ ID NO: 11) — 



Page 11 

Line 2, after "sequence" insert — (SEQ ID NO: 7) — 

Line 3, after "bovine amino acid sequence" insert --(SEQ 

ID NO:5)~ 



Page 12 

Line 22, change "SEQ ID NO: 4" to —SEQ ID NO: 5 — 



Page 14 

Line 6, change "ID NO: 5" to — ID NO: 6 — 
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Line 9, after "found out" insert — (SEQ ID NO:7)~ 
Page 15 

Line 27, change "SEQ ID NO: 4 or 5" to — SEQ ID NO: 5 or 7 — 
Page 16 

Line 27, change "SEQ ID NO: 4 or 5" to —SEQ ID NO: 4 or 6— 
Page 18 

Line 4, change "SEQ ID NO: 4 or 5" to —SEQ ID NO: 5 or 7 — 
Page 26 

Line 25, after "3"' insert --(SEQ ID NO: 12) — 
Line 27, after "3"' insert --(SEQ ID NO:13) — 

Page 29 

Line 9, after "3"' insert --(SEQ ID NO: 14) — 
Line 11, after "3"' insert —(SEQ ID NO: 15) — 

Page 4 0 

Line 24, after "CCAA" insert —(SEQ ID NO: 16) — 



4 



Rule 53(b) Div. of Serial No.: 08/669,286 
New Attorney Docket No. 0230-0145P 

Line 25, after "TAAT" insert — (SEQ ID NO: 17)-- 
Page 42 

Line 28, change "SEQ ID NO: 5" to —SEQ ID NO: 6— 
Page 44 

Line 23, change "SEQ ID NO: 6, 7" to --SEQ ID NO: 8, 9— 
In the Claims 

Please cancel claims 1-9 without prejudice or disclaimer of the 
subject matter contained therein. 

Please add the following new claims: 

— 10. A recombinant adseverin protein isolated and purified 
from the culture supernatant of obtained by incubating a prokaryotic 
or eukaryotic host cell transformed by a recombinant vector 
containing an isolated DNA containing a base sequence encoding an 
amino acid sequence represented by SEQ ID NO: 5 or 7. 



11. An isolated protein comprising an amino acid sequence 
represented by SEQ ID NO: 7. 



Rule 53(b) Div. of Serial No.: 08/669,286 
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12. The isolated protein of claim 11, wherein said protein is 
a recombinant protein. — 

Remarks 

Enclosed herewith in full compliance with 37 C.F.R. 1.821-1.825 
is a Substitute Sequence Listing to be inserted into the 
specification as indicated above. The Substitute Sequence Listing 
in no way introduces new matter into the specification. 

The insertion of the word "chicken" prior to "villin" (see page 
8, line 21) is intended to clarify the description of Figure 2. It 
is supported by a reference in the specification to Bazari et al., 
Proc. Natl. Acad. Sci. U.S.A. 85:4986-4990 (see page 24, lines 19- 
20) . The amendments in no way introduce new matter into the 
specification . 

New claims 10-12, which are drawn to disclosed subject matter 
not previously claimed, have been additionally added. These new 
claims in no way add new matter to the specification. 

Finally, in full compliance with 37 C.F.R. 1.821-1.825, 
Applicant request that the disk copy of the Substitute Sequence 
Listing, filed in parent Application No. 08/669,286, on July 31, 
1998 as file 230-110. sub be transferred to the present application. 
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The disk copy is identical to the paper copy, except that it lacks 
formatting . 

Entry of the above amendments is earnestly solicited. An early 
and favorable first action on the merits is earnestly solicited. 

Should there be any outstanding matters that need to be 
resolved in the present application, the Examiner is respectfully 
requested to contact MaryAnne Armstrong (Reg. 40,069) at the 
telephone number of -the undersigned below. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional fees 
required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; 
particularly, extension of time fees. 



Respectfully submitted, 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 




derfelA JM. duJihy, Jr., #28,977 
MaryAWhe A'rmftrong, #40, 069 



GMM/MAA/mar 
0230-0145P 



P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 
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SPECIFICATION 
GENE ENCODING ADSEVERIN 

TECHNICAL FIELD 

This invention relates to a gene encoding adseverin, 
which is a Ca 2 "-dependent actin filament-serving protein and 
has a function of regulating exocytosis, a recombinant vector 
containing this gene, a recombinant trans formed by this vector, 
a process for producing adseverin by using the above-mentioned 
gene and a recombinant adseverin protein obtained by 
this process. The present invention also relates to an 
oligonucleotide hybridizable specifically with a base sequence 
encoding the adseverin protein, a method for regulating the 
formation of adseverin which comprises administering an 
oligonucleotide hybridizable specifically with a base sequence 
encoding the adseverin protein to an animal, and an antibody 
capable of recognizing the adseverin protein. 
BACKGROUND ART 

In many secretory cells in the resting state, secretion- 
products such as neurotransmitters and hormones are stored in 
the form of granules or vesicles. When the cells receive 
adequate signals, these substances are released from the cells 
by exocytosis. In the process of exocytosis, the granules and 
vesicles migrate toward plasma membrane. Then they come into 
contact with the plasma membrane followed by fusion therewith, 
thus opening the membrane. 

This exocytosis is tightly controlled by the 
concentration of intracellular free calcium [Ca 2 '] 1 (Knight 
et al., Ann. N.Y. Acad. Sci . 493:504-523, 1987). Namely, it 



is considered that in resting cells where [Ca 2+ ]i is low, 
exocytosis is blocked at several steps depending on [Ca 2 "] t 
(Burgoyne, Biochem. Biophys . Acta 779:201-216, 1984). A 
number of secretory cells including chromaffin cells which are 
5 adrenal medulla secretory cells have a microfilament network 
composed of actin filaments under the plasma membrane which 
is supposed to serve as a barrier against the migration of 
granules and vesicles toward the plasma membrane (Cheek et al . , 
FEBS Lett. 207:110-114, 1986; Lelkes et al . , FEES Lett. 

10 208:357-363, 1986). Prior to the release of the secretion 
products by exocytosis, this network is disassembled due to 
the increase in (Ca 2 *]! by Ca 2+ -dependent mechanisms (Vitale et 
al., J. Cell Biol. 113:1057-1067, 1991). 

Actin is a globular protein with a molecular weight of 

15 42 kD which is commonly distributed m eukaryocytes . It is 
a cytoskeleton protein closely relating to the contraction of 
muscle cells, etc. Actin monomers are polymerized to form 
filaments. Under the physiological ionic strength, actin 
undergoes polymerization in vitro at a ratio of about 100% 

20 so as to give filaments. In actual cells, however, various 
actin-regulating proteins contribute to the reversible 
conversion of filaments (gel) and monomers (sol) and changes 
occur depending on extracellular stimuli. 

In bovine chromaffin cells, gelsolin, which seemingly 

25 relates directly to this process, was identified (Yin et al . , 
Nature 281:583-586, 1979). Gelsolin shows a Ca 2+ -dependent 
actin filament severing activity in vitro and exerts barbed 
end capping and nucleating activities on actin filaments. 



Recently, adseverin (a protein of 74 kDa) , which is similar 
to gelsolin in activity but different from it, was isolated 
from bovine adrenal medulla by Prof. Nonomura et al . , 
Department of Pharmacology, Faculty of Medicine, University 
5 of Tokyo (Maekawa et al . , J. Biol. Chem. 2 65:10940-10942). 

Gelsolin is relatively widely distributed in various 
tissues and blood plasma (Stossel et al., Annu. Rev. Cell Biol . 
1:353-402, 1985), while the distribution of adseverin is 
restricted mainly to the tissues with secretory functions 

10 (Sakurai et al., Neuroscience 38:743-756, 1990). This 

difference in tissue distribution of these proteins suggests 
that adseverin more closely relates to the secretory process 
(i.e., control of the release of neurotransmitters, endocrine 
substances or physiologically active substances) than gelsolin 

15 does. Accordingly, it is highly interesting to reveal the 
structure and function of adseverin to thereby clarify the role 
and regulatory mechanisms of actin filaments in exocytosis. 

In former days, it was generally regarded that this 
process was regulated by fused proteins, etc. [Nishizaki, 

20 "Kaiko Hoshutsu Gesho ni okeru Saiboshitsu Tanpakushit su 

no Yakuwari (Roles of Cytoplasmic Proteins in Exocytosis)", 
Saibo Kogaku (Cell Technology) , 13:353-360, 1994]. However, 
Nonomura et al . newly point out in their hypothesis that this 
process finally depends on an interaction between actin and 

25 myosin. This hypothesis further provides an epoch-making idea 
that the regulation by the actin-severing protein takes place 
in non-muscular cells on the actin side, differing from the 
regulation on the myosin side by myosin light chain kinase 
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[Mochida, "Miosin Keisa Kinaze Shinkei Dentatsu Busshitsu 
Hoshutsu to sono Chosetsu ni okeru Miosin Keisa Kinaze no 
Yakuwari (Role of Myosin Light Chain Kinase in Release of Myosin 
Light Chain Kinase Neurotransmitter and Regulation thereof) " , 
5 Saibo Kogaku (Cell Technology), 13:381-388, 1994]. 

It is thought that actin is liberated from broken ceils 
and induces or enhances platelet agglutination in the blood 
so as to trigger thrombus development (Scarborough et al . , 
Biochem. Biophys . Res. Commun. 100:1314-1319, 1981). On the 
10 other hand, adseverin has a gelsolin-like activity (i.e., 

an actin filament- severing activity) i/jvivoas described above . 
These facts indicate that adseverin might be applicable 
to drugs relating to thrombus (for example, thrombosis 
inhibitors) . 

15 It is furthermore expected that the release of, for 

example, a physiologically active substance might be regulated 
at the gene level by administering the antisense DNA sequence 
constructed on the basis of the base sequence encoding 
adseverin. Since adseverin might closely relate to the 

20 multiplication of vascular smooth muscles, it is considered 
that the administration of the antisense DNA would regulate 
the function of adseverin to thereby inhibit the multiplication 
of the smooth muscles. Accordingly, it is expected that the 
administration of the antisense DNA of adseverin might be 

25 usable in the inhibition of angiostenos i s in blood vessel 

transplantation in bypass operation, etc. or in the inhibition 
" of restenosis after percutaneous transluminal coronary 
angioplasty (PTCA) . 



To use the act in-regulat ing protein adseverin in the 
medicinal purposes as described above, it is necessary to 
produce adseverin in a large amount and in a uniform state. 
However, it is difficult to obtain uniform adseverin in a large 
amount by the conventional method wherein adseverin is isolated 
from an animal tissue per se or the culture supernatant 
of adseverin-producing cells. It is therefore required to 
clarify the base sequence of the gene encoding adseverin so 
as to produce adseverin in a large amount by using gene 
recombination techniques. 

An object of the present invention is to identify the 
base sequence of the gene encoding adseverin. Another object 
of the present invention is to produce adseverin in a large 
amount by using gene recombination techniques with the use of 
a recombinant vector containing the above-mentioned sequence 
and to construct a screening system, etc. by using the same, 
thus developing novel drugs. Another object of the present 
invention is to produce the antisense DNA on the basis of the 
base sequence of the gene encoding adseverin and use it as a 
drug for inhibiting the formation of adseverin. Another obj ect 
of the present invention is to provide an antibody capable of 
recognizing the adseverin protein. 

The present inventors isolated and purified adseverin 
from bovine adrenal medulla and clarified its properties 
(Sakurai et al . , Neuroscience 38:743-756, 1990; Sakurai et al . , 
J. Biol. Chem. 226:4581-4584, 1991; Sakurai et al . , J. Bio. 
Chem. 266:15979-15983, 1991). 



Further, a hydrolyzed fragment of this protein was 
obtained and, based on the partial information of its amino 
acid sequence, oligonucleotide primers were synthesized. On 
the other hand, cDNA was prepared by reverse transcription from 
5 mRNA prepared from MDBK cells, a cell line established from 
bovine kidney (JCRB-Cell, obtained from Japan Foundation for 
Cancer Research) . Then polymerase chain reaction (PCR) was 
performed with the use of the primers synthesized above to 
thereby specifically amplify the DNA fragment encoding bovine 
10 adseverin. Next, a cDNA library prepared from bovine adrenal 
medulla was screened by using the above-mentioned DNA fragment 
labeled with 32 P as a probe. From 3 overlapping clones thus 
obtained, the target gene encoding the actin filament-severing 
protein was assembled. Thus the entire base sequence of the 
15 gene was successfully identified. 

Subsequently, the present inventors employed this 
bovine adseverin cDNA as a probe and screened a cDNA library 
prepared from human kidney mRNA by plaque hybridization under 
less stringent conditions. Thus they isolated human adseverin 
20 cDNA and successfully identified the entire base sequence of 
the same. 

DISCLOSURE OF THE INVENTION 

The present invention provides a gene encoding 
adseverin. More particularly, it provides a DNA containing 
25 a base sequence encoding the amino acid sequence represented 
by SEQ ID NO : 4 or SEQ ID NO :J> in Sequence Listing, which 
optionally has partial replacement, deletion or addition, or 
a base sequence hybridizable therewith. 
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The present invention further provides a recombinant 
vector containing the gene encoding the adseverin protein. 

The present invention furthermore provides prokaryotic 
or eukaryotic host cells transformed by the recombinant vector 
containing the gene encoding the adseverin protein. 

The present invention furthermore provides a process 
for producing human adseverin protein which comprises 
incubating a transf ormant, which has been obtained via 
transformation by the recombinant vector containing the gene 
encoding the adseverin protein, and isolating and purifying 
the target protein thus produced. 

The present invention furthermore provides the 
recombinant adseverin protein produced by the above-mentioned 
process - 

The present invention furthermore provides 
an oligonucleotide hybridizable specifically with the 
gene encoding adseverin. 

The present invention furthermore provides a method for 
regulating the formation of adseverin in an animal which 
comprises administering an oligonucleotide hybridizable 
specifically with the gene encoding adseverin to the animal. 

The present invention furthermore provides an antibody 
capable of recognizing the adseverin protein. 

By using a labeled adseverin cDNA fragment as a probe, 
the present inventors further performed in situ hybridization 
and studied the expression of adseverin mRNA in tissues to 
thereby clarify the distribution of adseverin in the tissues. 
Also, the actin-serving domain in adseverin was examined. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a photograph which shows the electrophoret ic 
pattern of purified adseverin obtained from bovine adrenal 
medulla in comparison with purified gelsolin obtained from 
5 bovine aorta. SDS-PAGE was carried out by using 6.5 - 10.5% 
linear gradient gel. Lanes 1 and 2 show fractions from bovine 
aorta treated with a DNase I affinity column. Lane 1 
corresponds to the EGTA eluate, while lane 2 corresponds to 
the 6 M urea eluate. Lanes 3 to 8 show fractions obtained from 

10 bovine adrenal medulla. Namely, lanes 3, 4, 5, 6, 7 and 8 
correspond respectively to: the crude extract; the EGTA eluate 
of the DNase I affinity column; the 6 M urea eluate of the DNase 
I affinity column; the Q-Sepharose fraction containing 
adseverin; the Q-Sepharose fraction containing plasma gelsolin, 

15 cytoplasmic gelsolin and actin; and adseverin purified by HPLC 
gel filtration. Lane M shows molecular weight markers of 
94,000, 67,000, 43,000 and 30,000 from top to bottom. 

Fig. 2 shows a comparison between the partial amino acid 
sequence of an adseverin fragment 'of a molecular weight of 

20 39, 000 (C39) and the amino acid sequences of the corresponding 
parts of gelsolin and villin. 

Fig. 3 shows the amino acid sequence of the N-terminus 
of a fragment obtained by digesting adseverin with thermolysin' 
and the predicted location thereof in comparison with gelsolin. 

25 Fig. 4 shows a restriction map of bovine adseverin cDNA.- 

The bar designated as PCR stands for the cDNA produced by the 
reverse transcription from RNA of MDBK cells and PCR. The open 
bars numbered 19, 5 and 21 stand for individual cDNA clones 



isolated from the Xgtll cDNA library of bovine adrenal medulla 
and employed in the construction of the adseverin cDNA. 

Fig . 5 shows the amino acid sequence of bovine adseverin, 
which has been identified in the present invention, in 
5 comparison with the amino acid sequences of the corresponding 
segments of human gelsolin and human villin. The numbers at 
the right side designate the segment numbers for adseverin, 
gelsolin and villin. The largest homology resides between the 
segments 1 and 4, 2 and 5 and 3 and 6. The highly conserved 

10 motif sequences are shown in boxes. Putative 

polyphosphoinositide binding sites are boxed by dotted lines. 
The diagram with ellipses numbered 1 to 6 given below indicates 
6 homologous segments of these proteins. 

Fig. 6 is a photograph which shows the electrophoretic 

15 pattern of the expression of adseverin in Escherichia coli and 
purification thereof. In Fig. 6, A shows SDS-PAGE analysis of 
the expression of adseverin in E. coli. The transformant was 
incubated in the' presence (lane 3) or absence {lane 2) of 
0.4 mM IPTG for 3 hours . Then the pelleted cells were dissolved 

20 in an SDS sample buffer, heated and loaded onto an SDS- 
polyacrylamide gel. After electrophoresing, the gel was 
stained with Coomassie brilliant blue. The arrow indicates 
the adseverin band. Lane 1 shows molecular weight markers . In 
Fig. 6, B shows immunoblot analysis performed after the 

25 expression of adseverin in E. coli and purification of the same . 
The purified adseverin was separated with SDS-PAGE and 
transferred onto a nitrocellulose membrane. The blot was 
stained with Ponceau S (lane 2) and, after destaining, 



immunodetected with the use of an affinity purified antibody 
against adseverin (lane 3) . Lane 1 shows molecular weight 
markers . 

Fig. 7 shows the effects of adseverin expressed in 
E. coli on actin polymerization measured with a viscometer. 
Actin was polymerized in buffer P containing 0.1 mM of CaCl 2 
(A) or 1 mM of EGTA (B) . In Fig. 7, the data expressed in 
O and A indicate the results of the polymerization in the 
presence of actin alone, while the data expressed in • and A 
indicate the results of the polymerization in the presence of 
the adseverin added at a molar ratio to actin of 1:30. The 
adseverin was added to the actin solution at a molar ratio of 
1:30 at the points indicated by the arrows. 

Fig- 8 provides light microscopic photographs, which 
show the morphology of organisms, of the expression of 
adseverin and its mRNA in the interface area between cortex 
and medulla of bovine adrenal gland. In each photograph, the 
upper part corresponds to the cortex while the lower part 
corresponds to the medulla. The sections were stained with 
Toluidine Blue (panel a) or successively with anti-adseverin 
rabbit antibody and f luorescein-conj ugated anti-rabbit 
immunoglobulin (panels b and e) . Panel d shows a phase- 
contrast image of the same field as the one of the panel e. 
Panels c and f show the images of in situ hybridization. The 
panels a to c are given in 120 x magnification, while the panels 
d to f are given in 280 x magnification. 

Fig . 9 shows a comparison between the amino acid sequence 
of human adseverin and the amino acid sequence of bovine 



adseverin. In Fig. 9, the upper and lower columns correspond 
respectively to the human amino acid sequence and the 
bovine amino acid sequence. These amino acid sequences are 
completely identical with each other at the amino acids with 
the mark * and highly analogous at the amino acids with the 
mark ■ . Putative phospholipid binding sites are boxed by solid 
lines . 

DETAILED DESCRIPTION OF T HE INVENTION 

cDNA encoding adseverin can be obtained by, for example, 
preparing mRNA from adseverin-producing cells and then 
converting it into a double stranded cDNA by a known method. 

In the present invention, mRNA of the bovine adseverin 
are obtained from MDBK cells, which is a cell line established 
from bovine kidney, and bovine adrenal medulla (Madin et al., 
Proc. Soc. Exp. Biol . 98 : 574-576, 1958) , while mRNA of the human 
adseverin is obtained from human kidney mRNA purchased from 
CLONTECH Laboratories Inc. However, the mRNA sources are not 
restricted thereto but use can be made of adrenal medulla 
chromaffin cells, kidney medulla, thyroid tissue homogenizate, 
etc. therefor. 

The RNAmay be prepared in accordance with, for example, 
the method of Chirgwinet al. (Biochemistry 18 : 5294-5299, 1979). 
Namely, the whole RNA can be obtained by treating the RNA source 
with guanidine thiocyanate followed by cesium chloride 
gradient centrif ugat ion . Alternatively, use can be also made 
of methods employed for cloning genes of other physiologically 
active proteins, for example, treatment with a surfactant or 
phenol in the presence of a ribonuclease inhibitor (for example, 



a vanadium complex) . 

To obtain the double stranded cDNA from the mRNA thus 
obtained, reverse transcription is performed by, for example, 
using the mRNA as a template and an oligo (dT) or random primer, 
which is complementary to the poly A-chain at the 3 '-end, or 
an synthetic oligonucleotide, which corresponds to a part of 
the amino acid sequence of adseverin, as a primer so as to 
synthesize a DNA (cDNA) complementary to the mRNA. 

In the present invention, the bovine adseverin cDNA 
is obtained in the following manner. Namely, reverse 
transcription is carried out by using random hexamers as 
primers . Next, the resulting product is amplified by PCR with 
the use of condensed primers to give a PCR product corresponding 
to a partial cDNA of adseverin of about 700 bp. Then this PCR 
product is subcloned into pBluescript SK(-) (Stratagene) - 
Next, A Xgtll cDNA library prepared from bovine adrenal medulla 
is screened with the use of the 32 P-labeled cloned PCR product 
as a probe. In the present invention, 3 plaques are thus 
obtained and the target cDNA encoding adseverin is assembled 
on the basis of the overlapping base sequence of these plaques. 
Thus it is found out that the open reading frame is a protein 
of 80527 dalton composed of 715 amino acids (see SEQ ID NO : 4 
in Sequence Listing) . 

The cDNA of human adseverin is obtained in the following 
manner. That is, a double stranded cDNA is synthesized by using 
TimeSaver™ cDNA Synthesis Kit (Pharmacia) . 

Then the double stranded cDNA thus synthesized is 
fractionated in size by using Spun Column included in the 



above-mentioned Kit or agarose electrophoresis. Thus a cDNA 
of about 400 bp or more (in the former case) or about 2 to 
3 kbp (in the latter case) is taken up exclusively. After 
ligating an adaptor to one end, the cDNA is integrated into 
5 a vector- Then the cDNA thus integrated into the vector is 
subjected to packaging with the use of GIGAPACK R II PACKAGING 
EXTRACT (STRATAGENE) to give a cDNA library. 

Next, the cDNA library is screened under less stringent 
conditions by using thermally denatured bovine adseverin cDNA 
10 as a probe. Thus one positive phage clone is obtained. Then 
its cDNA moiety is amplified by PCR and integrated into a plasmid 
vector to thereby give a clone pADa-17 . When partly sequenced, 
the base sequence of this clone shows a very high homology (80 
- 90%) with the base sequence of the bovine adseverin cDNA. 
15 In contrast, it shows only a low homology of 60% or below with 
gelsolin which is a protein belonging to the adseverin family 
and having a known base sequence, suggesting that this is a 
gene obviously different therefrom. Thus it is assumed that 
this clone is human counter part of adseverin. However, this 
20 clone is about 1 kbp in full length and thus seemingly fails 
to contain the entire coding region. Accordingly, further 
screening should be carried out. 

Thus plaque hybridization is carried out by using the 
above-mentioned clone pADa-17 as a probe under usual conditions 
25 with an elevated strictness. In this step, use is made of a 
library newly prepared from human kidney mRNA by concentrating 
cDNAs of 2 to 3 kbp exclusively in order to efficiently obtain 
clones of the full length. Thus 5 positive phage clones are 
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obtained therefrom and excised into a plasmid [pBluecript R 
SK(-) vector] with ExAssist T VS0LR SYSTEM to thereby give 
plasmid clones phAD-2 to 6. Among these plasmid clones, 
the base sequences of phAD-2 and phAD-4 are identified. By 
combining these base sequences, a sequence represented by SEQ 
ID NO: 5 in Sequence Listing is determined. From this base 
sequence, an open reading frame composed of 715 amino acids 
and having ATG at the 79-position as the initiation codon (Met) 
is found out'. Fig. 9 shows the result of a comparison of this 
amino acid sequence with the bovine adseverin amino acid 
sequence. These amino acid sequences show a homology of about 
92% at the amino acid level, which suggests that this protein 
has been very well conserved beyond difference in species. It 
is also clarified that these amino acid sequences are highly 
analogous in many amino acids, even though they are not 
completely the same as each other. Although a high homology 
of about 90% is observed at the base level, the homology shows 
a rapid decrease after the stop codon, which seemingly reflects 
the difference in species. 

In Fig. 9, putative phospholipid binding sites are 
boxed by solid lines. The putative phospholipid binding 
sites in bovine adseverin, namely, (112) KGGLKYKA (119) and 
(13 8) RLLHVKGRR (146) are both completely conserved in human 
adseverin too. Thus it is suggested that the difference in 
sensitivity to phospholipids between adseverin and gelsolin 
might be caused by the difference in the amino acid sequences 
of these regions. It is reported that adseverin is located in 
cells in the vicinity of cell membrane. Thus, the regulation 
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of the adseverin activity by cell membrane constituents, if 
any, might be highly important. Since gelsolin is also 
activated by Ca 2 ', there is a fair possibility that 
phospholipids would control how to utilize these proteins 
case by case. 

By using the cloned gene of the present invention 
encoding adseverin thus obtained/ adseverin can be produced 
in a large amount by gene recombination techniques and used 
for medicinal purposes. 

Accordingly, prokaryotic or eukaryotic host cells can 
be transformed by appropriate vectors into which the gene of 
the present invention encoding adseverin has been integrated. 

Further, the gene can be expressed in each host cell 
by introducing an adequate promoter or a sequence relating to 
the expression into these vectors. Moreover, the target gene 
may be ligated to another gene encoding a polypeptide and 
expressed as a fused protein to thereby facilitate purification 
or elevate the expression dose. It is also possible to excise 
the target protein by effecting adequate treatments in the 
purification step. 

It is generally considered that an eukaryotic gene shows 
polymorphism as known in the case of human interferon gene. 
In some cases, one or more amino acids are replaced due to this 
polymorphism, while changes occur not in amino acids but 
exclusively in base sequence in other cases. 

It is sometimes observed that a polypeptide having the 
amino acid sequence of SEQ ID NO : 4 or 5' in Sequence Listing 
having the deletion, addition or replacement of one or more 



amino acids shows an actin filament-severing activity. For 
example, it is publicly known that a polypeptide, which 
is obtained by replacing a base sequence corresponding to 
cysteine of human interleukin 2 {IL-2) by another base sequence 
corresponding to serine, sustains the IL-2 activity (Wang 
et al., Science 224:1431, 1984). Thus the techniques for 
constructing the variants of these genes encoding adseverin 
are well known by those skilled in the art. 

Moreover, bovine adseverin is highly homologous with 
human adseverin and highly analogous in many amino acids even 
though they are not completely the same, as described above. 
Accordingly, genes having partial replacements of bovine or 
human adseverin and chimeric genes thereof also fall within 
the scope of the present invention. 

When adseverin is expressed in eukaryotic cells, sugar 
chain (s) are frequently added thereto and the addition of the 
sugar chains can be controlled by converting one or more amino 
acids. In such a case, the expression product sometimes has 
an actin filament-severing activity. Therefore, the present 
invention includes any gene which is obtained by artificially 
varying the gene encoding human adseverin and encodes a 
polypeptide, so long as the obtained polypeptide has an actin 
filament-severing activity. 

Furthermore, the present invention includes a gene 
which is capable of giving a polypeptide having an actin 
filament-serving activity and hybridizable with a gene 
represented by SEQ ID NO : 4 or 5 in Sequence Listing. The 
hybridization may be carried out under the conditions commonly 



employed in probe hybridization (see, for example, Molecular 
Cloning: A Laboratory Manual, Sambrook et al . , Cold Spring 
Harbor Laboratory Press, 1989) . 

An expression vector may contain a replication origin, 
5 a selective marker, a promoter, an RNA splicing site, 
a polyadenyiation signal, etc. 

Examples of the prokaryotic cells to be used as the host 
cells in the expression system include E. coll and Bacillus 
subtllls . Examples of the eukaryotic cells usable as the host 
10 cells include yeasts and Myxomycota. Alternatively, insect 
cells such as Sf9 may be used as the host cells. In addition, 
use can be made of host cells with an animal origin such as 
COS cells and CHO cells therefor. 

The protein, which has been produced by incubating a 
15 transformant transformed by the gene encoding adseverin, can 
be purified either in the cells or after isolating from the 
cells . 

Adseverin may be isolated and purified by procedures 
commonly employed in the isolation and purification of proteins . 

20 For example, various chromatographies, ultrafiltration, 

salting out, dialysis, etc. may be adequately selected and 
combined therefor. 

According to the present invention, an antisense DNA 
can be prepared on the basis of the base sequence of the gene 

25 encoding adseverin. The antisense DNA, which has a base 

sequence complementary to the mRNA, forms base pairs with the 
mRNA and blocks the transmission of genetic information, thus 
regulating the synthesis of the adseverin protein, i.e., the 
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final product. The antisense DNA usable in the present 
invention is an oligonucleotide hybridizable specifically 
with a base sequence which encodes the amino acid sequence 
represented by the SEQ ID N0:.4''or 5' m Sequence Listing. 
5 The term "oligonucleotide" as used herein means an 

oligonucleotide composed of a base occurring in nature with 
a sugar moiety binding thereto via a phosphodiester bond of 
the inherent meaning or its analogue . That is to say, the first 
group meant thereby includes natural oligonucleotides and 

10 synthetic oligonucleotides prepared from subunits occurring 
in nature or homologues thereof. The term "subunit" means 
a combination of a base with a sugar binding to the adjacent 
subunit via a phosphodiester bond or another bond. The second 
group of the oligonucleotide includes analogues of the 

15 above-mentioned oligonucleotides taking the same roles as 
oligonucleotides but having residues containing some parts 
which are not observed in nature . Oligonucleotides, which have 
been chemically modified at the phosphate group, the sugar 
moiety, or the 3'- or 5' -end to enhance the stability, 

20 also fall within this category. Examples thereof include 
oligophosphorothioate and oligomethylphosphonate wherein 
an oxygen atom in the phosphodiester bond between nucleotides 
has been replaced respectively by a sulfur atom and -CH 3 . The 
phosphodiester bond may be replaced by another structure which 

25 is nonionic and nonchiraric. As oligonucleotide analogues, 
use can be made of those containing modified bases, i.e., purine 
and pyrimidine which are not observed in nature. 



The oligonucleotide to be used m the present invention 
preferably has 8 to 40, still preferably 15 to 30, subunits . 

It is preferable in the present invention that the target 
part of mRNA, with which the oligonucleotide is hybridized, 
is the transcription initiation site, the translation 
initiation site, the intron/exon junction or the 5' -capping 
site. It is required to select a site free from any strict 
hindrance by taking the secondary structure of the mRNA into 
consideration. 

The oligonucleotide of the present invention may 
be prepared by synthesis methods publicly known in the art, 
for example, the solid phase synthesis with the use of a 
synthesizer manufactured by Applied Biosystems, etc. It is 
also possible to prepare other oligonucleotide analogues such 
as phosphorothioate or alkylated derivatives by using similar 
methods [Murakami et al., "Kinosei Antisense DNA no Kagaku 
Gosei (Chemical Synthesis of Functional Antisense DNA)", Yuki 
Gosei Kagaku (Organic Synthesis Chemistry), 48 (3): 180-193, 
1990] . 

By administering an oligonucleotide hybridizable 
specifically with the gene of the present invention encoding 
adseverin to an animal, the formation of adseverin in the animal 
can be regulated. As described above, adseverin might relate 
to the multiplication of blood vessel smooth muscles. The 
multiplication of blood vessel smooth muscles is regarded 
as one of the factors causing angiostenosis in blood vessel 
transplantation in bypass operation, etc. or restenosis which 
is observed at a ratio of 30 to 40% after PTCA. Accordingly, 
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the antisense DNA of the gene encoding adseverin, the 
administration of which can suppress the multiplication of 
blood vessel smooth muscles, is usable as a preventive 
and remedy for these stenoses. For example, it is expected 
5 that angiostenosis can be prevented by soaking the blood 
vessel to be transplanted in a solution containing the 
oligonucleotide of the present invention to thereby 
incorporate the oligonucleotide into the cells followed 
by the transplantation. It is also possible to prevent 

10 restenosis by administering the oligonucleotide of the present 
invention with the use of a PTCA catheter or stent. 

An antibody of the present invention capable of 
recognizing the adseverin protein can be constructed in 
accordance with a conventional method [see, for example, 

15 Shinseikagaku Jikken Koza (New Biochemistry Experiment 

Lecture) 1, Tanpakushi tsu (Protein) I, 389-397, 1992] by 
immunizing an animal with adseverin serving as the antigen 
and collecting and purifying the antibody thus produced in 
the animal body. The anti-adseverin antibody thus obtained 

20 is usable in various immunological assays such as enzyme 
immunoassays (for example, ELISA) , radioimmunoassays and 
immunof luorescent techniques. 
EXAMPLES 

To further illustrate the method for obtaining the gene 
25 of the present invention encoding adseverin and the expression 
of this gene in host cells in greater detail, the following 
Examples will be given. However, it is to be understood that 
the present invention is not restricted thereto. 
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Example 1: Isolation and purification of bovine adseverin 

Bovine adrenal glands were obtained from a 
slaughterhouse. All the procedures described below were 
carried out at 4°C. The adrenal meduilae were carefully 
5 separated from cortices and minced with scissors. 80 g of the 
material thus obtained was homogenized in thrice by volume as 
much buffer A (pH 8.0) containing 40 mM of Tris-HCl, 4 mM of 
EGTA, 2 mM of EDTA, 1 mM of DTT, 1 mM of DFP, 1 mM of PMSF, 
10~ 6 M of E-64-c, 10 ug/ml of aprotinin (Trasylol, Bayer) 

10 and 0.02% of NaN 3 in a Waring blender. The homogenate was 
centrifuged at 13,000 g at the maximum for 30 minutes. The 
supernatant was filtered and further centrifuged at 150,000 
g at the maximum for 90 minutes. To the supernatant were added 
1 mol solutions of CaCl 2 and MgCl 2 to give final concentrations 

15 of 0.5 and 1 mM respectively. Then the resulting solution was 
passed through a DNasel-Af f i-Gel 15 column which had been 
equilibrated with buffer B (pH 7.5) containing 50 mM of KC1, 
20 mM of Tris-HCl, 0.5 mM of CaCl 2 , 1 mM of MgCl 2 , 0.1 mM of 
PMSF and 0.02% of NaN 3 . Then the column was washed successively 

20 with the buffer B and the modified buffer B containing not 
50 mM but 0.6 M of KCl . 

Next, Ca 2+ -sensitive proteins were eluted with the 
modified buffer B containing 10 mM of EGTA as a substitute for 
0 . 5 mM of CaCl 2 and eluted with the modified buffer B containing 

25 6 M of urea. Thus 3 Ca 2 '-sensitive act in-binding proteins 
and actin (molecular weight: 42,000) were eluted with the 
EGTA-containing buffer. The results of SDS PAGE suggested that 
these 3 proteins had molecular weights of 86,000, 84,000 and 
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74,000 respectively (Fig. 1, lanes 1 to 4 ) . The column was 
regenerated by washing with the buffer B and stored at 4°C. 

The EGTA eluate thus collected was adjusted to pH 8.2 
with 1 M Tris and then applied to a Q-Sepharose ion exchange 
5 column (1.5x12 cm) which had been equilibrated with a solution 
(pH 8.2) containing 50 mM of KC1, 20 mM of Tris-HCl, 1 mM of 
EGTA, 0.1 mM of PMSF, 7 mM o f 2-mercaptoethano 1 and 0.02% of 
NaN 3 . Proteins were eluted with a linear KCl gradient from 50 
to 250 mM and then with 1 M KCl. The first peak fraction 

10 corresponding to 0 to 150 mM KCl contained the protein of 

a molecular weight of 74,000 together with a small amount of 
contaminating proteins (Fig. 1, lane 6) . The proteins of 
molecular weights of 86, 000 and 84, 000 and actin were contained 
in the second peak which was the eluate with 1 M KCl (Fig. 1, 

15 lane 7) . 

The fraction containing the protein of a molecular 
weight of 74,000 was collected, concentrated and applied to 
a gel filtration HPLC column (TSK-G3000SW, Tosoh) which had 
been equilibrated with buffer C (pH 7.0) containing 150 mM of 
20 NaCl, 20 mM of Tris-HCl, 1 mM of EGTA, 0.1 mM of DTT and 0.02% 
of NaN 3 (Fig. 1, lane 8) . The peak fractions were collected 
and stored on ice. 

Example 2: Protease digestion of bovine adseverin 
(1) Digestion by Staphylococcus V8 protease 
25 Adseverin in digestion buffer C (1 mM of EGTA, 1 mM 

of DTT, 0.02% of NaN 3 and 50 mM of NH«HC0 3 ) was digested by 
Staphylococcus V8 protease at room temperature at a ratio of 
1:25 (wt/wt) . The reaction was stopped by adding 1 mM of DFP 
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followed by SDS-PAGE analysis. Thus it was found, out that 
adseverin was digested into two major fragments of 42,000 and 
3 9, 0 00 in molecular weight. After digesting by the V8 protease 
over a prolonged period, the fragment of 39, 000 in molecular 
5 weight was further digested into fragments of molecular weights 
of 2 8, 00 0 and 15,000, while the fragment of 42,000 m molecular 
weight remained stable. 

(2) Digestion by trypsin 

Adseverin in buffer D (1 mM of EGTA, 1 mM of DTT, 0.02% 
10 of NaN 3 and 20 mM of Tris-HCl, pH 8.0) was digested by trypsin 
at a ratio of 1:200. After reacting at 25°C for 60 minutes, 
a 200 mM solution of PMSF in ethanol was added to give a final 
PMSF concentration of 4 mM followed by SDS-PAGE analysis . Thus 
it was found out that adseverin was also digested into two 
15 fragments of 42,000 and 39,000 in molecular weight and no 
further digestion occurred thereafter. 

From the results of recognition reactions of 
2 antigelsolin polyclonal antibodies with the above-mentioned 
2 fragments, it was confirmed that the fragment of 39,000 in 
20 molecular weight was not a digestion product of the fragment 
of 42,000 in molecular weight. 

(3) Purification of V8 protease digestion product 

The V8-digestion product was applied to an HPLC 
DEAE ion exchange column (DEAE-SPW, Tosoh) which had been 
25 equilibrated with buffer D. The fragment of 39,000 in 

molecular weight was adsorbed by the column, while the one of 
42,000 in molecular weight was eluted with an NaCl gradient 
of 0 to 150 mM and obtained as a single peak at the NaCl 
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concentration of 10 raM. Next, the buffer D containing no EGTA 
but 0.5 mM CaCl 2 was used. Thus the fragment of 39,000 in 
molecular weight was eluted but the fragment of 42,000 in 
molecular weight was recovered only in a small amount. These 
5 2 V8 protease-diges t ion fragments thus purified showed almost 
the same patterns in SDS-PAGE. 

(4) Identification of N-terminal amino acid sequence 

The N-terminal amino acid sequences of 2 fragments 
purified in the above (3) and native adseverin were discussed. 

10 Although the N-termini of native adseverin and the fragment 
of 42,000 in molecular weight were blocked, it was clarified 
by the Edman degradation method that the vicinity of the 
N-terminus of the fragment of 39, 000 in molecular weight had 
the following amino acid sequence of SEQ ID NO:l in Sequence 

15 Listing: 

KVAHVKQ I P FDA . 

This sequence was compared with those of publicly known actin 
filament-serving proteins gelsolin (Kwiatkowski et al . , Nature 
323: 45 5-458, 1986) and villin ( Bazar i et al . , Proc. Natl . Acad. 

20 Sci. U.S.A. 85:4986-4990, 1988). As a result, the above- 
mentioned sequence was similar to the hinge region located 
between the conserved repetition segments 3 and 4 in gelsolin 
and villin, i.e., the middles of these molecules, as shown in 
Fig. 2. Thus, it is suggested that the fragment of 42,000 in 

25 molecular weight is a protein located in the NH 2 -terminal half 
of adseverin (hereinafter referred to as "N42"), while the 
fragment of 39,000 in molecular weight is a protein located 
in the COOH- terminal half of adseverin (hereinafter referred 
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to as "C39" ) . 

(5) Actin-binding properties of N42 and C39 

The actin-binding properties of N42 and C39 obtained 
above were examined by using an actin monomer (G-actin) bound 
5 to agarose beads. As a result, it was clarified that N42 and 
C39 both bound to G-actin in the presence of calcium but not 
in the absence of calcium. 

(6) Identification of functional domain of adseverin 
(digestion of N42 by thermolysin) 

10 When N42 was digested by thermolysin which was 

a metaproteinase , 5 fragments including those of 31, 000, 30, 000 
and 16,000 in molecular weight and 2 different ones of 15,000 
in molecular weight were obtained. These fragments were 
purified by HPLC . The fragments of 31,000 and 30,000 in 

15 molecular weight were named respectively TL1 and TL2 , while 
the other 3 fragments were named TL3 (molecular weight : 16, 000), 
TL4 (molecular weight: 16,000) and TL5 (molecular weight: 
15,000) in the order of elution from the HPLC column. The 
N- termini of TL1 and TL3 were not detected by an antibody A, 

20 since they were blocked as in the case of N42 and native 

adseverin. On the other hand, TL2 and TL5 reacted with the 
antibody A. Based on these results, it is estimated that N42 
has 2 cleavage sites with the mapping of the fragment as shown 
in Fig . 3 . 

25 The amino acid sequences of TL4 and TL5, the N-termini 

of which were not blacked, were analyzed by the Edman 
degradation method. As a result, it is proved that the 
N-terminal amino acid sequence of TL4 is the following 
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one represented by SEQ ID NO : 2 of Sequence Listing: 
VLTNDLTAQ 

which is homologous with the sequence of the hinge region 
between the segments 1 and 2 of gelsolin. On the other hand, 
5 the N-terminal amino acid sequence of TL5 is the following one 
represented by SEQ ID NO: 3 of Sequence Listing: 
ITNRK 

which is homologous with the sequence of the hinge region 
between the segments 2 and 3 of gelsolin (Fig. 3) . 
10 Accordingly, it is considered that adseverin has 

a structure similar to that of gelsolin. Similar to gelsolin, 
the N-terminal half of adseverin is composed of 3 repetition 
segments each corresponding to a protein digestion fragment 
of up to 15 kDa. 
15 Example 3: Synthesis of degenerate primers 

Mix primers, which contained all codons potentially 
serving as genes encoding the N-terminal amino acid sequence 
of the second segment (S2) of N42 identified in Example 2 and 
the N-terminal amino acid sequence of C39, were synthesized 
20 by using an Applied Biosystems 380B DNA synthesizer. To the 
5' ends of the sense and antisense primers, BamHI site and Clal 
site were added respectively. 

The sequences of the degenerate primers were as follows: 
5' . . . GATGCGGATCCAA (C/T) GA (C/T) ( C/ T ) T ( A/C/G/T ) AC ( A/ 
25 C/G/T) GC (A/C/G/T) CA . . . 3'; and 

5' . . . GATGCATCGATAC (A/G) TG (A/C/G/T) GC (A/C/G/T) AC (C/ 

T) TT (C/T) TC . . . 3 ' . 
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Example 4: Reverse transcription and PCR 

RNA was prepared in accordance with the method of 
Chirgwin et al . (Biochemistry 18:5294-5299, 1979} from MDBK 
cells, i.e., a cell line established from bovine kidney 
5 (JCRB-Cell, obtained from Japan Foundation for Cancer 

Research: Madin et al., Proc. Soc. Exp. Biol. Med. 98:574- 
576, 1958) . 

Reverse transcription and PCR were carried out in 
accordance with the method of Kawasaki [in PCR protocols: 

10 A guide to Methods and Appl ication (Innisetal. eds) pp. 21-27, 
Academic Press, San Diego, 1990]. Random hexamers (Pharmacia) 
were employed for the reverse transcription, while the 
degenerate primers obtained in Example 3 were employed for PCR 
[Lee et al., in PCR protocols : Guide to Methods and Application 

15 (Innis et al . eds) pp. 46-53, Academic Press, San Diego, 1990] . 
PCR was effected first m 5 cycles each consisting of 1 minute 
at 94°C, 1 minute at 37°C and 2 minutes at 72°C, wherein the 
treating temperature was slowly elevated from 37 to 72°C for 
2.5 minutes. Next, 29 cycles each consisting of 1 minute at 

20 94°C, 1 minute at 50°C and 2 minutes at 72°C were repeated in 
a usual manner followed by 1 cycle consisting of 1 minute at 
94°C, 1 minute at 50°C and 10 minutes at 72°C. Then the reaction 
mixture was allowed to stand at 4°C. 
Example 5: Cloning of PCR product 

2 5 The PCR product obtained in Example 4 was 

electrophoresed on a 1% agarose gel containing 1 ixq/m.1 of 
ethidium bromide. As a result, the main band was observed at 
about 700 bp. Then it was excised from the gel and purified 
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with the use of a GENECLEAN II Kit (BIO 101 Inc.). Its size 
could be estimated depending on the locations of zhe fragments 
from which the degenerate primers were derived, on the basis 
of an assumption that adseverin might be highly homologous with 
5 gelsolin in the primary structure. The product thus purified 
was digested with BamHI and Clal and cloned into pBluescript 
SK (-) (Stratagene) . 

When the cloned PCR product was sequenced, a nucleotide 
sequence encoding the N-terminus of the third segment (S3) of 
10 N42 was contained therein. Thus it was confirmed that this PCR 
product actually corresponded to a part of the adseverin cDNA. 
The high homology (identity at nucleotide level: 64%) between 
this sequence and the human gelsolin sequence also supported 
this idea. 

15 The PCR product thus obtained was 32 P-labeled and 

employed as a probe in the subsequent screening. 
Example 6: Library screening 

A A.gtll cDNA library prepared from bovine adrenal 
medulla (CLONETECH) was screened in accordance with the 

20 standard method (Sambrook et al . , Molecular Cloning: 

A Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory, 
Cold Spring Harbor, New York, 1989) with the use of the 
32 P-labeled PCR product obtained in Example 5 which represented 
the partial cDNA of adseverin. After screening twice, 

25 well-isolated positive plaques were taken out and phages 

in each plaque were released into 200 u.1 of distilled water 
and incubated at room temperature for 1 hour. Then the phage 
solution was frozen, thawed and heated at 90°C for 10 minutes. 
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By using an appropriate amount of the phage solution 
as a template, the insert of the recombinant phage DNA was 
amplified by PCR with the use of a pair of primers which 
contained sequences from the upstream and downstream of the 
5 EcoRI-specif ic site of Xgtll. PCR was carried out under the 
same conditions as those described in Example 4 . To the 5 ' -ends 
of these primers, Xhol site and NotI site were respectively 
added. One of the primers had the following sequence: 

5' . . . AdseverinCTCGAGGGTGGCGACGACTCC \ . ". 3'; and 
10 another one had the following sequence: 

5 T . . . AdseverinGCGGCCGCTTGACACCAGACCAA - . . 3'. 
After the completion of PCR, the reaction product was 
electrophoresed on a 1% agarose gel. The amplified insert DNA 
was excised and purified by using a GENECLEAN II kit. After 
15 digesting with Xhol and NotI, the insert cDNA was cloned into 
pBluescript SK(-) which had been digested with Xhol and NotI. 

By using the cloned PCR product as a probe, the cDNA 
library of bovine adrenal medulla was screened. Thus 3 
overlapping cDNA clones were plaque-purified from 2xl0 6 
20 recombinant phages. 

The above-mentioned 3 cDNA clones overlapping each 
other are shown by Nos. 19, 5 and 21 in Fig. 4. The base 
sequences of these cloned DNAs were examined in both directions 
by the dideoxy chain termination method (Sanger et al . , Proc . 
25 Natl. Acad. Sci. U.S.A., 7 4:5463-5467, 1977) and the entire 
nucleotide sequence of adseverin was identified based thereon. 
This nucleotide sequence is represented by SEQ ID NO: 4 in 
Sequence Listing. Fig. 4 shows a restriction map of the cDNA 
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thus assembled. 

The nucleotide sequence of the assembled cDNA and the 

amino acid sequence corresponding to the longest open reading 

frame are also represented by SEQ ID NO: 4 in Sequence Listing. 
5 The open reading frame encodes a protein of 80527 dalton, 

consisting of 715 amino acids. The first ATG is located on 27 

nucleotides 3 '-side to the starr of the clone and represents 

a good vertebrae translation initiation consensus sequence. 

A comparison of the adseverin cDNA sequence with the sequences 
10 of gelsolin and villin also supports that the ATG represents 

the initiation codon and that the assembled cDNA contains the 

entire coding sequence of adseverin. 

Next, a cDNA of 2418 bp which contained the entire coding 

region of adseverin was assembled from the 3 overlapping clones 
15 with the use of AccI and Hindlll sites. This cDNA was 

integrated into the Xhol and NotI sites of pBluescript SK(-) 

to thereby give pSK-adseverin . 

Example 7: Comparison of predicted amino acid sequence of 
adseverin with amino acid sequences of human gelsolin and 
20 villin 

Biochemical analyses and the predicted ammo acid 
sequence from cDNA have revealed that human gelsolin and villin 
each consists of 6 homologous segments (Bazari et al . , Proc. 
Natl. Acad. Sci . U.S.A. 8 5:4986-4990, 1988; Matsudaira et al . , 
25 Cell 54:139-140, 1988; Way et al . , J. Mol. Biol. 203:1127- 
1133, 1988) . The segments 1, 2 and 3 have higher homologies 
respectively with the segments 4, 5 and 6 than any other 
combinations. The analysis on the predicted amino acid 
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sequence of adseverin has revealed that adseverin has 6 
homologous segments too. The segments 1 to 6 have homologies 
respectively with the corresponding segments of gelsolin and 
villin (Fig. 5) . As Fig. 5 clearly shows, motifs B, A and C 
5 existing in each of the 6 segments of gelsolin and villin were 
also found out in the 6 segments of adseverin. These facts 
indicate that adseverin belongs to gelsolin family proteins. 

Moreover, the putative polyphosphoinositide binding 
sequences existing in gelsolin and villin were also found 

10 in adseverin in the regions corresponding to the regions of 
gelsolin and villin, i.e., the first and second segments 
(SI, S2) . This fact agrees with rhe data that the protein 
fragment-severing activity corresponding to Sl-2 of adseverin 
was inhibited by polyphosphoinositide. These sequences are 

15 boxed in Fig. 5 and shown as a model view in Table 1. One of 
these 2 putative sequences completely agreed with the consensus 
sequence, while another one located in the first segment 
was different from the consensus sequence only in one amino 
acid. That is to say, it had alanine at the COOH- terminal 

20 while the consensus sequence had a basic amino acid at 

this position. Thus this domain of adseverin had a less basic 
nature than that of the corresponding domain of gelsolin. 
This difference could partly account that acidic phospho- 
lipids other than phosphatidylinositol 4 , 5-bisphosphate 

25 and phosphatidylinositol 4 -monophosphate , for example, 

phosphatidylinositol and phosphatidylserine can inhibit the 
serving activity of adseverin but not that of gelsolin. 
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Table 1 

Predicted polyphosphoinositide 
binding sites of adseverin in comparison 
with other actin filament-severing proteins 



Protein 
adseverin 
gelsolin 
villin 
adseverin 
gelsolin 
villin 
consensus 



Location of binding site Amino ac id sequence 



112 - 119 
135 - 142 
112 - 119 

138 - 146 
161 - 169 
138 - 146 



KGG-LKYKA 
KSG-LKYKK 
KQG-LVIRK 

PLLHVKGRR 
RLFQVKGRR 
RLLHVKGKR 

K KK 
XX{X)XKX 
R RR 
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Example 8: Expression of adseverin cDNA in E. coli 

The bovine adseverin cDNA (pSK-adseverin) obtained in 
Example 6 was amplified by PCR. Primers employed in PCR were 
so designed that the initiation codon (ATG) of the product cDNA 
constituted a part of Ndel while the termination codon (TAA) was 
immediately followed by the Xhol site. The cDNA thus obtained 
was integrated into an expression vector pET-23a (Novagen) via 
the Ndel and Xhol sites. The resulting recombinant vector 
pET-adseverin was then introduced into competent BL21 (DE3)pLysS 
cells by the method of Chung et al . (Proc. Natl. Acad. Sci. U.S.A. 
86 : 2172-2175 , 1988). Transf ormants were selected, incubated 
and induced with IPTG ( isopropyl- j3 -thiogalactopyranoside) in 
accordance with the method of Studier et al . [in Methods in 
Enzymology, Gene Expression Technology (Goeddle eds.) Vo. , 185, 
pp. 60-89, Academic Press, San Diego, 1991] . Namely, a colony 
resistant against ampicillin and chloramphenicol was picked 
up and incubated in M9ZB medium supplemented with 5 0 ii g/ml of 
ampicillin. When the expression of the cDNA was induced by IPTG, 
a protein of approximately 7 4 kDa on SDS-PAGE was produced 
(Fig. 6A, indicated by arrow) . In contrast, the untransf ormed 
control BL21 (DE3) pLysS produced no extra protein on the induction 
with IPTG.' The size {i.e., 74 kDa) of the induced protein on 
SDS-PAGE was the same as that of adseverin prepared from bovine 
adrenal medulla. 

The culture supernatant of the transformed E. coli was 
purified by substantially the same methods the one employed for 
the isolation and purification of adseverin from 



bovine adrenal medulla in Example 1. The purified protein 
was electrophoresed on SDS-PAGE and transferred onto a 
nitrocellulose membrane. When reacted with an antibody 
specific to adseverin, this protein underwent an immunological 
5 reaction with this protein, as shown in Fig. 6B . Based 
on the apparent size of this protein on SDS-PAGE and its 
immunor eactivi ty with the adseverin specific antibody, it was 
confirmed that this protein was the cDNA encoding adseverin. 
Example 9: Actin filament-severing activity of adseverin 

10 produced by E. coli 

To examine whether or not the adseverin produced by 
E. coll had a Ca 2 "-dependent actin filament-severing activity 
similar to native adseverin, effects of the adseverin on actin 
polymerization were measured with a viscometer. 

15 0.15 mg/ml of actin was polymerized in buffer P (50 mM 

KC1, 2 mM MgCl 2 and 20 mM imidazole-HCl, pH 7.2) with 1 mM of 
EGTA or 0.1 mM of CaCi 2 at 25.5°C in the presence or absence 
of adseverin at a molar ratio to actin of 1:30. 

As Fig. 7 shows, the viscosity of the actin solution 

20 was affected by adseverin exclusively in the presence of Ca 2+ 
(compare Fig. 7A with 7B) . In the presence of Ca 2+ , adseverin 
promoted the nucleation in the process of actin polymerization 
so as to lower the final viscosity of the polymerized actin 
solution. When adseverin was added to the polymerized actin 

25 solution (indicated by arrows) , the specific viscosity showed 
a sudden drop in the case of the solution containing Ca 2 ' . 

These results were substantially the same as those 
obtained by using adseverin prepared from bovine adrenal 
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medulla , which indicated that the protein produced by the gene 
recombination techniques according to the present invention 
had an actin filament-severing activity similar to native 
adseverin . 
5 Example 10: In situ hybridization 

A 329 bp fragment of the bovine adseverin cDNA (#2090 
- #2418) was labeled with digoxigenin-dUTP by using a DIG DNA 
labeling and detection kit (Boehringer Mannheim) . 

The part of fresh bovine adrenal gland containing the 

10 interface region between cortex and medulla was fixed with 1% 
paraformaldehyde in phosphate saline buffer (PBS) in the 
slaughterhouse. In the laboratory, it was cut into small 
pieces and washed with PBS. Next, the samples were immersed 
stepwise in 8, 12, 16 and 20% sucrose-PBS for 24 hours. Then 

15 the samples were embedded in TISSUE-TEM (Miles Sceitific) and 
frozen in liquid nitrogen. The frozen samples were cut into 
sections of 5 to 7 tun with a microtome and collected on a slide 
glass. 

Some of these sections were stained with 0.5% of 
20 Toluidine Blue in PBS and 50% of glycerol in PBS and stored 
in this solution. 

For immunof luorescent staining, the sections were fixed 
with 1% paraf ormaldehyde-PBS for 1 minute and with acetone for 
5 minutes. After treating with 1% of Triton X-100 in PBS and 
25 washing with PBS, the sections were introduced into a blocking 
solution containing 2.5% of bovine serum albumin and 2.5% of 
chick serum in PBS and incubated together with anti-adseverin 
antibody (method for the preparation of the anti-adseverin 
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antibody will be described in Example 18 hereinafter) in the 
blocking solution at 37°C for 3 hours . Then the sections were 
washed successively with a solution containing 400 mM of MgCl 2 
and 20 mM of Tris-HCl {pH 8.6) and PBS . Then they were incubated 
5 together with FITC-con j ugat ed anti-rabbit IgG in the blocking 
solution at 37°C for 1 hour. After thoroughly washing by the 
same procedure with the use of the same solutions as those 
described above, the sections were embedded in PBS containing 
50% of glycerol and 2.5% of 1 , 4-diazabicyclo [ 2 , 2 , 2 ] octane 

10 (Wako Chemical Co., Ltd.) and observed under a Nikon FEX-A 
fluorescent microscope. 

For in situ hybridization, the sections were 
incubated in double strength standard saline citrate (2xSSC, 
ixSSC = 0.15 M NaCl, 15 mM Na-citrate, pH 7.0) for 10 minutes 

15 at room temperature and then in a pre-hybr idi zat ion solution 
(SxSSC, 50% formamide, 0.1% Tween 20, 50 iig/ml heparin, 
100 g/ml sonicated and denatured salmon sperm DNA) at room 
temperature for 1 hour. 

After removing the pr e-hybridi zation buffer, 

20 a fresh pre-hybridization buffer containing 0.5 ug/ml of the 
digoxigenin-labeled DNA probe was applied to the sections. 
Then the sections were covered with glass coverslips which were 
next sealed with rubber cement. 

The DNA probe was denatured in an oven at 80°C for 

25 10 minutes followed by incubation in the oven at 42°C overnight. 
Then the coverslips were removed by using a glass cutter and 
the sections were washed successively with 2xSSC at room 
temperature for 30 minutes, O.lxSSC at 42°C for 30 minutes and 
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2xSSC at room temperature for 15 minutes. 

The probes in the sections were detected by using a DIG 
DNA labeling and detection kit ( Boehringer Mannheim) . Then the 
sections incubated together with the digoxigenin-labeled DNA 
5 probe were washed in a washing buffer (100 mM Tris-HCl, 

150 mM NaCl, pH 7.5) at room temperature for 10 minutes, then 
incubated together with 0.5% (w/v) of Boehringer blocking 
reagent in the washing buffer and finally washed with the 
washing buffer. 

10 Subsequently, the sections were incubated together with 

alkaline phosphatase-conj ugated anti-digoxigenin antibody 
(150 mU/ml) at 37°C in the dark for 2 hours . After washing with 
the washing buffer twice, the slides were briefly treated wich 
a solution containing 100 mM of Tris-HCl, 100 mM of NaCl and 

15 20 mM of MgCl 2 (pH 9.5) and incubated together with the same 
solution containing nitro blue tetrazolium salt, 5-bromo- 
4-chloro-3-indolyl phosphate and 0.25 mg/ml of levamisole 
at room temperature in the dark for 3 hours. The color 
development was stopped by using 10 mM of Tris-HCl and 1 mM 

20 of EDTA (pH 8.0). 

The sections kept in glycerol were observed under a light 
microscope . 

At a low magnification, the color development was 
observed in the medulla but not in the cortex except in 

25 the area adjacent to the medulla. Next, the interface area 
between the medulla and the cortex was observed at higher 
magnifications. Toluidine Blue staining (Fig. 8a) revealed 

. , that the cells in the cortex were tightly packed, whereas the 
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cells in the medulla were loosely distributed and classified 
into groups by sheath-like structures containing vessels. 
The cortex and the medulla were easily distinguishable from 
each other in both of the in situ hybridization and the 
5 immunof luorescent staining depending on the cellular 
characteristics as described above without effecting 
counter-staining. Fig. 8c and f show the results of the in situ 
hybridization observed at middle and high magnifications 
respectively. Staining was observed mainly in loosely packed 

10 cells corresponding to the medullary chromaffin cells. In 
addition, a small number of cells in the cortex facing the 
medulla were also stained as shown by arrows. 

The adseverin distribution of the same pattern was 
observed in the immunof luorescent staining with the anti- 

15 adseverin antibody (Fig. 8b and e) . Namely, fluorescence was 
observed in the chromaffin cells of the medulla and in the cells 
in the cortex facing the medulla. In the chromaffin cells, 
fluorescence was mainly observed in the subplasmalemmal 
region . 

20 In summary, it was demonstrated that the adseverin inRNA 

and the adseverin protein were both expressed in the adrenal 
medulla but not in most part of the cortex. Exceptionally, the 
expression of both of the adseverin mRNA and the adseverin 
protein was observed in a part of the cortex facing the medulla. 

25 Thus it is concluded that such differential expression of 

adseverin in the parts of bovine adrenal gland is controlled 
at the transcription level. Secretion in the mode of 
exocytosis takes place in the adrenal medulla but not in the 
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adrenal cortex. Therefore, this differential expression 
strongly suggests that adseverin relates not to the regulation 
of the secretory process in general but exclusively to 
the secretory process depending on the mode of exocytosis. 
5 Further, the localization of adseverin in the subplasmalemmal 
region agrees with the idea that this protein relates to the 
regulation of exocytosis. 

Example 11 : Construction of cDNA library originating in human 
kidney mRNA 

10 As the human kidney mRNA, use was made of a product 

purchased from CLONTECH Laboratories, Inc. From 2 \xg of 
this mRNA, double stranded cDNAs were synthesized by using 
TimeSaver™ cDNA Synthesis Kit (Pharmacia) in accordance with 
the attached protocol. 

15 Namely, the thermally denatured mRNA was added 

to First-Strand Reaction Mix containing murine reverse 
transcriptase and oligo (dT) 12 -i 3 primers and kept at 37°C for 
1 hours to thereby synthesize the first strand. Next, the 
reaction mixture was added to Second-Strand Reaction Mix 

20 containing E. coli RNAaseH and E. coli DNA polymerase I and 
kept at 12°C for 30 minutes and then at 22°C for 1 hour to thereby 
synthesize the second strand. Then the double stranded cDNA 
thus synthesized was fractionated in size by using Spun Column 
included in the above-mentioned kit or agarose electrophoresis . 

25 Thus a cDNA of about 400 bp or more (in the former case) of 
about 2 to 3 kbp (in the latter case) was taken up exclusively. 

After ligating an adaptor (EcoRI/NotI adaptor) to one 
end and eliminating the unreacted adaptor with the above- 
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mentioned Spun Column, the cDNA was integrated into a vector. 
Two vectors were prepared therefor, namely, ExCell vector 
(a. ExCell EcoRI/CIP) purchased form Pharmacia and Lambda ZAP R II 
vector (PREDIGESTED LAMBDA ZAP R II/EcoRI/CIAP CLONING KIT) 
5 purchased from STRATAGENE - As the host E. coli, NM522 strain 
was used in the former case while XLl-Blue strain was used in 
the latter case. Then the cDNA thus integrated into the vector 
was subjected to packaging with the use of GIGAPACK R II 
PACKAGING EXTRACT (STRATAGENE) in accordance with the attached 

10 protocol. Namely, Freeze/Thaw extract, Sonic extract and the 
DNA were mixed and kept at 22°C for 2 hours to give a cDNA library . 
Example 12 : cDNA library screening by plaque hybridization 
(hybridization with the use of bovine adseverin cDNA as probe) 
Screening was carried out by reference to the standard 

15 method described by Samborrk, J., Fritsch, E.F. and Maniatis, 
T ., Molecular Cloning, Cold Spring Harbor Lab . (1988). Namely, 
phage plaques grown on an LB agar plate were transcribed onto 
a Hybond-N filter (Amersham) , denatured with an alkali and 
then immobilized by UV irradiation. Pre-hybridization was 

20 effected by keeping this filter in a hybridization solution 
at 40°C for 3 hours. Subsequently, hybridization was effected 
by keeping the filter together with a 32 P-labeled, thermally 
denatured probe (about 1 u.Ci/ml) at 40°C for 16 hours. As a 
probe, use was made of a fragment excised from bovine adseverin 

25 cDNA (pSK-adseverin) with the use of PstI and Ndel and 

corresponding to almost the full length of the cDNA. The 
hybridization was effected under less stringent conditions, 
i.e., by using a hybridization solution containing 25% of 
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formamide (4xSSC, 50 mM HEPES , pH 7 . 0 , 10 x Denhardt' s solution, 
100 iig/ml thermally denatured salmon sperm) [Institute of 
Medical Science, University of Tokyo, Carcinos tatic Research 
Section, "Shin Saibo Kogaku Jikken Purotokoru (New Protocols 
5 for Cell Technological Experiments)", Saibo Kogaku (Cell 

Technology), 1993]. After the completion of the hybridization, 
the filter was washed with a 2 x SSC solution containing 0.1% 
of SDS at room temperature for 15 minutes twice. Next, it was 
further washed with a 1 x SSC, 0.1% SDS solution with slowly 
10 elevating temperature from room temperature until the 
background radioactivity disappeared. Then the filter 
was dried followed by autoradiography. 

The probe was labeled with 32 P by using a Random Primer 
DNA Labeling Kit Ver. 2 (Takara Shuzo Co . , Ltd.) . In accordance 
15 with the attached protocol, about 100 ng of thermally denatured 
DNA was labeled by keeping at 37°C for 30 minutes together with 
the random primer 50 M-Ci [a- 32 P] dcTP an d Klenow fragment. 

First, 1.6xl0 5 plaques of the cDNA library constructed 
from the human kidney mRNA obtained in Example 11 were screened 
20 with the use of the bovine adseverin cDNA as a probe. Thus 
a positive phage clone was obtained. 

Example 13: Subcloning of positive phage clone into plasmid 
vector 

By using primers ^CAGCTATGACCATGATTACGCCAA* 
25 ACGACGGCCAGTGAATTGCGTAAT') synthesized from the base sequence 
of the X ExCell vector, the insert of the clone obtained 
in Example 12 was amplified [Institute of Medical Science, 
University of Tokyo, Carcinos tatic Research Section, "Shin 
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Saibo Kogaku Jikken Purotokoru (New Protocols for Cell 
Technological Experiments)", Saibo Kogaku (Cell Technology), 
1993] , and cleaved with EcoRI . Then it was subcloned into the 
pUC18 plasmid vector which had been cleaved with EcoRI and 
5 dephosphorylated. The clone thus obtained was named pADa-17 . 
Example 14: cDNA library screening by plaque hybridization 
(hybridization with the use of pADa-17 as probe) 

By using a library newly constructed from the human 
kidney mRNA in accordance with the method of Example 11 and 

10 having cDNAs of 2 to 3 kbp exclusively concentrated therein, 
plaque hybridization was carried out with using the clone 
pADa-17 as a probe and increasing the strictness (50% 
f ormamide-containing hybridization solution: other 
composition being the same as the one of Example 12) under 

15 the conventional conditions. The vector employed for the 
construction of the cDNA library was Lambda ZAP R II vector 
(PREDIGESTED LAMBDA ZAP R II/EcoRI/CIAP CLONING KIT) purchased 
from STRATAGENE, while XLI-Blue strain was employed as the host 
E. coll. The probe was labeled with 32 P in the same manner as 

20 the one described in Example 12. Namely, a fragment excised 
from the clone pADa-17 was electrophoresed on an agarose gel 
and purified and about 100 ng thereof was labeled with 50 uCi 
of [a- 32 P] dCTP. After the completion of the hybridization, 
the filter was washed with a 2xSSC solution containing 0.1% 

25 of SDS at room temperature for 15 minutes twice. Next, it was 
further washed with a 0.5xSSC, 0.1% SDS solution at 50°C for 
15 minutes twice. Then the filter was dried followed by 
autoradiography . 
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Thus 5 positive phage clones were obtained by screening 
1.7xl0 5 plaques. 

Example 15: Subcloning of positive phage clone into plasmid 
vector 

From the positive phage clones, excision was carried 
out into a plasmid [pBluescript* SK(-) vector] with the 
use of ExAssist™/SOLR™ SYSTEM by taking advantage of the 
characteristics of the Lambada ZAP R II vector. In accordance 
with the protocol attached to PREDIGESTED LAMBDA ZAP R 
II/EcoRI/CIAP CLONING KIT (STRATAGENE) , E. coll XL-lBlue 
strain was infected with the positive phages obtained in 
Example 14 and the ExAssist™ helper phage and incubated at 37°C 
for 2 . 5 hours . Then the plasmid excised into the culture medium 
were incorporated into E. coll SOLR strain. Thus plasmid 
clones phAD-2 to 6 were obtained. 

Example 16: Identification of base sequence of human 
adseverin cDNA 

The base sequences of the plasmid clones phAD-2 
and phAD-4 obtained in Example 15 were identified. The 
base sequences were identified by performing dideoxy 
sequencing with the use of Sequence Version 2.0 {United States 
Biochemical) or by the cycle sequencing with the use of PRISM™ 
Terminator Mix (Applied Biosystems) and coding with the 
use of a Model 373A sequencer (Applied Biosystems) . 

The base sequence of human adseverin cDNA obtained by 
assembling the base sequences of phAD-2 and phAD-4 identified 
above and the amino acid sequence corresponding to the longest 
open reading frame are shown in SEQ ID NO : 5 in Sequence Listing . 



Thus an open reading frame, which had the initiation codon at 
ATG at the 79-position and was composed of 715 amino acids, 
was found out. 

Example 17: Comparison of human adseverin with bovine 
5 adseverin 

Fig. 9 shows the result of a comparison between the 
amino acid sequence of human adseverin obtained in Example 16 
and the amino acid sequence of bovine adseverin obtained in 
Example 6. In Fig. 9, the upper and lower columns correspond 
10 respectively to the human amino acid sequence and the bovine 
amino acid sequence. These amino acid sequences are completely 
identical with each other at the amino acids 

with the mark * and highly analogous at the amino acids with 
the mark -. The human adseverin and the bovine adseverin show 

15 a homology of about 92% at the amino acid level and are highly 
analogous in many amino acids even though they are not 
completely the same. Although a high homology of about 90% is 
observed at the base level too, the homology shows a rapid 
decrease after the stop codon. 

20 Example 18: Preparation of anti-adseverin antibody and 
anti-peptide antibody (antibody against human adseverin- 
derived peptide) 

PREPARATION OF ANT I -ADSERVERIN ANTIBODY 

1 mg of adseverin purified from bovine adrenal medulla 
25 was mixed with Freund's complete adjuvant to thereby give 

an emulsion. This emulsion was subcutaneously injected into 
a rabbit in ten and several parts. Moreover, the same amount 
of the protein was mixed with Freund's incomplete adjuvant and 



the obtained emulsion was subcutaneously injected in the same 
manner at intervals of 4 weeks. 1 week after the injection, 
blood was collected from the ear vein and the serum was separated. 
When the antibody titer was determined by ELISA, an increase 
in the antibody titer of the serum was observed after the second 
or third booster. Since a cross reaction with gelsolin was 
observed, the serum was absorbed by gelsolin immobilized on 
agarose beads and then absorbedby immobilized adseverin. Next, 
it was eluted successively with 0.1 M glycine-HCl 
(pH 2.5), 0.1 M triethylamine-HCl (pH 11.5) and 3.5 M MgCl 2/ 
dialyzed against Tris buffer salt solution and concentrated. 
The affinity purified antibody thus obtained showed no cross 
reaction with gelsolin but a reaction specific to adseverin. 
This antibody was used at concentrations of 0.1 to 1 jAg/ml in 
the immunoblotting method and 1 to 10 ag/ml in the fluorescent 
antibody method. 

PRE PARAT T ON OF ANT I -PEPTIDE ANTIBODY (ANTIBO DY AGAINST HUMAN 
ADSEVERIN- DERIVED PEPTIDE) 

Selection was made of 2 peptide sequences (16 residues) 
at sites which were exposed on the surface of protein molecules , 
had been very well conserved beyond difference in species 
between bovine adseverin and human adseverin and less 
homologous with gelsolin ( SEQ ID NO : b / 7 ) . Staring from a res in 
having a branched structure to which 7 lysine residues were 
bound, a multiple antigen peptide (MAP) was synthesized (Tarn, 
J. P., Proc. Natl. Acad. Sci. USA 85:5409-5413, 1988). Then 
emulsions were prepared by using this peptide with Freund's 
complete adjuvant in the first time and Freund's incomplete 



adjuvant in the second time and thereafter. These emulsions 
were subcutaneous 1 y injected into 2 rabbits at intervals of 
1 week. After 7, 8 and 9 weeks, blood was collected from the 
ear vein and the antibody titer was determined by ELISA. Thus 
an antibody, which showed scarcely any cross reaction with 
gelsolin and reacted with rat, bovine and human adseverins, 
was obtained. Since a nonspecific reaction shown in the 
unimmunized serum was observed, affinity purification was 
carried out similar to the case of the antibody obtained by 
immunizing with a purified protein. 



Sequence Listing 
SEQ ID NO: 
Sequence length: 
Sequence Type: 
5 Topology: 

Molecule type: 
Sequence description 

SEQ ID NO: 
10 Sequence length: 
Sequence Type: 
Topology : 
Molecule type: 
Sequence description 

15 

SEQ ID NO: 
Sequence length: 
Sequence Type: 
Topology: 
20 Molecule type: 

Sequence description 

SEQ ID NO: 
Sequence length: 
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1 

12 

amino acid 
linear 
peptide 
KVAHVKQ I P FDA 

2 
9 

amino acid 
linear 
peptide 
VLTNDLTAQ 

3 
5 

amino acid 
linear 
peptide 
ITNRK 

A 

2418 

nucleic acid 
double 
1 inear 
cDNA 
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Sequence characteristic: 

Symbol Showing Characteristic: mat peptide 
Location: 27. . 2171 

Sequence description: 
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CQ3CQ3GAAC ATCGCGTGCC CGAGTC ATG GCC CAG GGG CTG TAC CAC 47 
Met Ala Gin Gly Leu Tyr His 
1 5 

GAG GAG TIC GCC CGC GCG GGC AAG CGG GCG GGG CTG CAG GTC TGG AGA 95 
Glu Glu Phe Ala Arg Ala Gly Lys Arg Ala Gly Leu Gin Val Trp Arg 
10 15 20 

ATT GAG AAG CTG GAG CTG GTG CCG GTG CCC GAG AGC GCG TAT GGC AAC 143 
He Glu Lys Leu Glu Lea Val Pro Val Pro Glu Ser Ala Tyr Gly Asn 
25 30 35 

TTC TAG GTC GGG GAT GCC TAC CTG GTG CTC CAC ACG ACG CAG GCC AGC 191 
Phe Tyr Val Gly Asp Ala Tyr Leu Val Leu His Thr Thr Gin Ala Ser 
40 45 50 55 

CGG GGC TTC ACC TAC CGC CTG CAC TTC TGG CTG GGA AAG GAG TGT ACT 239 
Arg Gly Phe Thr Tyr Arg Leu His Phe Trp Leu Gly Lys Glu Cys Thr 
60 65 70 

CAG GAT GAA AGC ACA GCA GCT GCC ATC TTT ACT GTT CAG ATG GAT GAC 287 
Gin Asp Glu Ser Thr Ala Ala Ala He Phe Thr Val Gin Met Asp Asp 
75 80 85 

TAT TIG GGT GGC AAA CCT GTG CAG AAC AGA GAA CTT CAA GGC TAT GAG 335 
Tyr Lea Gly Gly Lys Pro Val Gin Asn Arg Glu Leu Gin Gly Tyr Glu 
90 95 100 

TCT ACG GAT TTT GTT GGC TAC TTT AAA GGA GGT CTG AAA TAC AAG GCT 383 
Ser Thr Asp Phe Val Gly Tyr Phe Lys Gly Gly Leu Lys Tyr Lys Ala 
105 110 115 

GGC GGT GTG GCG TCT GGA CTC AAT CAT GTG CTT ACA AAT GAC TTG ACT 431 
Gly Gly Val Ala Ser Gly Leu Asn His Val Lea Thr Asn Asp Leu Thr 
120 125 130 135 

GCT CAG AGG CTC CTG CAT GTG AAA GGT CGG AGA GTC GTC AGG GCC ACG 479 
Ala Gin Arg Leu Leu His Val Lys Gly Arg Arg Val Val Arg Ala Thr 
140 145 150 

GAA GTT CCC CTA AGC TGG GAC ACT TTC AAC AAG GGT GAC TGC TTC ATC 527 
Glu Val Pro Leu Ser Trp Asp Ser Phe Asn Lys Gly Asp Cys Phe He 
155 160 165 

ATT GAC CTT GGC ACT GAA ATT TAC CAG TGG TGT GGA TCT TCT TGC AAC 575 
lie Asp Leu Gly Thr Glu He Tyr Gin Trp Cys Gly Ser Ser Cys Asn 
170 175 180 
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AAG TAC GAG CGC CIG AAG GCC AGC CAG GTT GCC ATC GGC ATT CGG GAC 623 
Lys Tyr Glu Arg Leu Lys Ala Ser Gin Val Ala He Gly He Arg Asp 
185 190 195 

AAT GAA AGG AAA GGC AGA GOT CAG CTG ATT GTG GTA GAA GAA GGG AGT 671 
Asm Glu Arg Lys Gly Arg Ala Gin Leu He Val Val Glu Glu Gly Ser 
200 205 210 215 

GAA CCA TCA GAG CTT ACA AAG GTA TTA GGG GAA AAG CCA AAG CTT AGG 719 
Glu Pro Ser Glu Leu Thr Lys Val Leu Gly Glu Lys Fro Lys Leu Arg 
220 225 230 

GAT GGA GAA GAT GAT GAT GAC ATC AAA GCA GAT ATA ACT AAT AGG AAA 767 
Asp Gly Glu Asp Asp Asp Asp He Lys Ala Asp He Thr Asn Arg Lys 
235 240 245 

ATG GCT AAA CTC TAC ATG GTT TCA GAT GCC AGT GGC TCC ATG AAA GTG 815 
Met Ala Lys Leu Tyr Met Val Ser Asp Ala Ser Gly Ser Met Lys Val 
250 255 260 

AGT CTG GTG GCA GAA GAA AAC CCC TTC TCC ATG GCG ATG CTT CTG TCT 863 
Ser Leu Val Ala Glu Glu Asn Pro Phe Ser Met Ala Met Leu Leu Ser 
265 270 275 

GAA GAA TCC TTC ATT TTG GAC CAC GGT GCT GCA AAA CAG ATT TTT GTA 911 

Glu Glu Cys Phe He Leu Asp His Gly Ala Ala Lys Gin He Phe Val 
280 285 290 295 

TGG AAA GGT AAA CAT GCT AAT CCC CAG GAG AGA AAG GCT GCC ATG AAG 959 
Trp Lys Gly Lys Asp Ala Asn Pro Gin Glu Arg Lys Ala Ala Met Lys 
300 305 310 

ACA GCT GAG GAA TTC CTA CAG CAA ATG AAT TAT TCT ACG AAT ACC CAA 1007 
Thr Ala Glu Glu Phe Leu Gin Gin Met Asn Tyr Ser Thr Asn Thr Gin 
315 320 325 

ATT CAA GTT CTT CCA CAA GCA GGT CAA ACA CCA ATC TTC AAA CAG TTC 1055 
He Gin Val Leu Pro Glu Gly Gly Glu Thr Pro He Phe Lys Gin Phe 
330 335 340 

TTT AAG GAC TGG ACA CAT ACA GAT CAG AGC CAT GGC TTC GGG AAA GTG 1103 
Phe Lys Asp Trp Arg Asp Arg Asp Gin Ser Asp Gly Phe Gly Lys Val 
345 350 355 

TAT GTC ACA GAA AAA GTG GCT CAC GTA AAA CAA ATT CCA TTT GAT GCC 1151 
Tyr Val Thr Glu Lys Val Ala His Val Lys Gin He Pro Phe Asp Ala 
360 365 370 375 
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TCA AAA TTG CAC AGC TCC CCA CAA ATG GCA GCC CAG CAT CAC GTG GTG 
Ser Lys Leu His Ser Ser Pro Gin Met Ala Ala Gin His His Val Val 
380 385 390 

GAT GAC GGT TCT GGC AAA GTG CAG ATT TG3 OCT GTA GAA AAC AAC GGT 
Asp Asp Gly Ser Gly Lys Val Gin lie Trp Arg Val Glu Asn Asn Gly 
395 400 405 

AGG GTC GAA ATT GAC CGA AAC TCG TAT GGT GAA TTC TAT GGT GGT GAT 
Arg Val Glu lie Asp Arg Asn Ser Tyr Gly Glu Phe Tyr Gly Gly Asp 
410 415 420 

TGC TAG ATT ATA CTT TAC ACT TAT CCC AGA GGA CAG ATT ATC TAG ACC 
Cys Tyr lie lie Lea Tyr Thr Tyr Pro Arg Gly Gin lie lie Tyr Thr 
425 430 435 

TGG CAA GGA GCA AAT GCC ACA CGG GAT GAG CTG ACA ACC TCC GCA TTC 
Trp Gin Gly Ala Asn Ala Thr Arg Asp Glu Leu Thr Thr Ser Ala Phe 
440 445 450 455 

CTG ACT GTT CAG TTG GAT AGA TCC CTC GGG GGA CAG GCT GTG CAG ATT 
Leu Thr Val Gin Leu Asp Arg Ser Lea Gly Gly Gin Ala Val Gin He 
460 465 470 

CGA GTC TCC CAA GGC AAA GAA CCT GCT CAC CTG CTG ACT TTG TTC AAA 

Arg Val Ser Gin Gly Lys Glu Pro Ala His Leu Leu Ser Leu Phe Lys 
475 480 485 

GAC AAA CCG CTC ATT ATT TAC AAC- AAC GGA ACA TCA AAG AAA GAA GGT 
Asp Lys Pro Leu He lie Tyr Lys Asn Gly Thr Ser Lys Lys Glu Gly 
490 495 500 

CAG GCA CCA GCC CCC CCT ATA GGC CTC TTT CAA GTC CGA ACA AAC CTG 
Gin Ala Pro Ala Pro Pro He Arg Leu Phe Gin Val Arg Arg Asn Leu 
505 510 515 

GCT TCG ATC ACC ACA ATT ATG GAG GTA CAT GTT CAT GCA AAC TCA TTG 
Ala Ser lie Thr Arg lie Met Glu Val Asp Val Asp Ala Asn Ser Leu 
520 525 530 535 

AAT TCC AAT GAT GTT TTT GTC CTG AAA CTG CGA CAA AAT AAT GGC TAC 
Asn Ser Asn Asp Val Phe Val Leu Lys Leu Arg Gin Asn Asn Gly Tyr 
540 545 550 

ATC TGG ATA GGA AAA GGC TCC ACA CAG GAG GAG GAG AAA GGA GCA CAG 
He Trp He Gly Lys Gly Ser Thr Gin Glu Glu Glu Lys Gly Ala Glu 
555 560 565 
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TAC GTG CCA AGC GTC CTC AAA TGC AAA ACT TCG ACG ATT CAG GAA GGC 1775 
Tyr Val Ala Ser Val Leu Lys Cys Lys Thr Ser Thr He Gin Glu Gly 
570 575 580 

AAG GAA CCA GAG GAG TTT TGG AAT TCC CTT GGA GGG AAA AAA GAC TAC 1823 
Lys Glu Pro Glu Glu Phe Trp Asn Ser Leu Gly Gly Lys Lys Asp Tyr 
585 590 595 

CAG ACC TCT CCT CTG CTA GAA TCC CAG GCT CAA CAC CAT CCA CCT CGG 1871 
Gin Thr Ser Pro Leu Leu Glu Ser Gin Ala Glu Asp His Pro Pro Arg 
600 605 610 615 

CTT TAC GGC TGC TCC AAC AAA ACT GGA AGA TTC ATT ATT GAA CAG GTT 1S19 
Leu Tyr Gly Cys Ser Asn Lys Thr Gly Arg Phe He lie Glu Glu Val 
620 625 630 

CCA GGA GAG TTC ACC CAG GAT GAT TTA GCA GAA GAT GAT GTC ATG CTG 1967 
Pro Gly Glu Phe Thr Gin Asp Asp Leu Ala Glu Asp Asp Val Met Leu 
635 640 645 

TTA CAT GCT TGG CAA CAG ATT TTT ATT TGG ATT GCA AAA GAT GCC AAT 2015 
Leu Asp Ala Trp Glu Gin He Phe He Trp He Gly Lys Asp Ala Asn 
650 . 655 660 

GAA GTT GAG AAA TCA GAA TCT CTG AAG TCT GCC AAA ATA TAC CTT GAG 2063 
Glu Val Glu Lys Ser Glu Ser Leu Lys Ser Ala Lys He Tyr Leu Glu 
665 670 675 

ACC CAC CCT TCT GGA ACA CAC AAG AGG ACG CCA ATT GTC ATC ATA. AAA 2111 
Thr Asp Pro Ser Gly Arg Asp Lys Arg Thr Pro He Val He He Lys 
680 685 690 695 

CAG GGT CAT CAG CCA CCT ACT TTC ACA GGC TGG TTC CTG GGC TGG GAT 2159 
Gin Gly His Glu Pro Pro Thr Phe Thr Gly Trp Phe Leu Gly Trp Asp 
700 705 710 

TCC AGC AGG TGG TAAACTGATT TTTGTAGCAA AAAAACAAAT ATAATGGGGC 2211 
Ser Ser Arg Trp 
715 

ACCTGTCCCA GG3GGCAAGG AGCAGCTTGT TTAACTTTAG AAAATTAACC TCAGCCATAT 2271 

GGCTA'l'i'i'lT CCGTGCTTAG AATIGGTTTG AAATTICTTT TAAACTGGAA TTTTCTTATG 2331 

TTAATATTTT TATAAC'l'l'l'l' CITATGCACC AATATTAGCT CTGCTGGATG CTGACATATC 2391 

TTTATATATG ACTTTTTAAA GGGGCCG 2418 
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SEQ ID NO: 5 

Sequence length: 2630 

Sequence Type: nucleic acid 

Strandeness: double 

Topology: linear 

Molecule type: cDNA 

Sequence characteristic: 

Symbol Showing Characteristic: mat peptide 

Location: 79. . 2223 

Sequence description: 
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AAGGTTCCTC CTGCTGCTCT CGGTl'JIAGTC CAAGATCAGC 



GATATCACGC GTCCCCCGGA GC^TCGCGTG CAGGAGCC ATG GOG COG GAG CTA TAC 

Met Ala Arg Glu Leu Tyr 
1 5 

CAC GAA GAG TIC GCC CGG GCG GGC AAG CAG GOG GGG CTG CAG GTC TGG 
His Glu Glu Phe Ala Arg Ala Gly Lys Gin Ala Gly Leu Gin Val Trp 
10 15 20 

AGO ATT GAG AAG CTG GAG CTG GTG CCC GTG CCC CAG AGO GOT CAC GGC 
Arg lie Glu Lys Lea Glu Leu Val Pro Val Pro Gin Ser Ala His Gly 
25 30 35 

GAC TIC TAC GTC GGG GAT GCC TAC CTG GTG CTG CAC ACG GCC AAG ACQ 
Asp Phe Tyr Val Gly Asp Ala Tyr Lea Val Leu His Thr Ala Lys Thr 
40 45 50 

AGC CGA GGC TIC ACC TAC CAC CTG CAC TIC TGG CTC GGA AAG GAG TGT 
Ser Arg Gly Phe Thr Tyr His Leu His Phe Trp Leu Gly Lys Glu Cys 
55 60 65 70 

TCC CAG GAT GAA AGC ACA GOT GOT GCC ATC TTC ACT GTT CAG ATG GAT 
Ser Gin Asp Glu Ser Thr Ala Ala Ala He Phe Thr Val Gin Met Asp 
75 80 85 

GAC TAT TIG GGT GGC AAG CCA GTG CAG AAT ACA GAA CTT CAA GGA TAT 
Asp Tyr Leu Gly Gly Lys Pro Val Gin Asn Arg Glu Leu Gin Gly Tyr 
90 95 100 

GAG TOT AAT GAC TIT GTT AGC TAT TTC AAA GGC GGT CTG AAA TAC AAG 
Glu Ser Asn Asp Phe Val Ser Tyr Phe Lys Gly Gly Leu Lys Tyr Lys 
105 110 115 

GCT GGA GGC GTG GCA TOT GGA TTA AAT CAT GTT CTT ACG AAC GAC CTG 
Ala Gly Gly Val Ala Ser Gly Leu Asn His Val Leu Thr Asn Asp Leu 
120 125 130 

ACA GCC AAG AGG CTC CTA CAT GTG AAG GGT CGT AGA GTG GTG AGA GCC 
Thr Ala Lys Arg Leu Leu His Val Lys Gly Arg Arg Val Val Arg Ala 
135 140 145 150 

ACA GAA GTT CCC CTT AGC TGG GAC ACT TTC AAC AAG GGT GAC TGC TTC 
Thr Glu Val Pro Leu Ser Trp Asp Ser Phe Asn Lys Gly Asp Cys Phe 
155 ' ' " 160 165 
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ATC ATT GAC CTT GGC ACC GAA ATT TAT CAG TGG TGT GGT TCC TCG TGC 524 
He He Asp Leu Gly Thr Glu He Tyr Gin Trp Cys Gly Ser Ser Cys 
170 175 180 

AAC AAA TAT GAA CGT CTG AAG GCA AAC CAG GTA GCT ACT GGC ATT CGG 672 
Asm Lys Tyr Glu Arg Leu Lys Ala Asn Gin Val Ala Thr Gly He Arg 
185 190 195 

TAC AAT GAA AGG AAA GGA AGG TCT GAA CTA ATT GTC GTG GAA GAA GGA 720 
Tyr Asn Glu Arg Lys Gly Arg Ser Glu Leu He Val Val Glu Glu Gly 
200 205 210 

ACT GAA CCC TCA GAA CTT ATA AAG GTC TTA GGG GAA AAG CCA GAG CTT 768 
Ser Glu Pro Ser Glu Leu He Lys Val Leu Gly Glu Lys Pro Glu Leu 
215 ' 220 225 230 

CCA GAT GGA GGT GAT GAT GAT GAC ATT ATA GCA GAC ATA ACT AAC AGG 816 
Pro Asp Gly Gly Asp Asp Asp Asp He lie Ala Asp He Ser Asn Arg 
235 240 245 

AAA ATG GCT AAA CTA TAC ATG GTT TCA GAT GCA ACT GGC TCC ATG AGA 864 
Lys Met Ala Lys Leu Tyr Met Val Ser Asp Ala Ser Gly Ser Met Arg 
250 255 260 

GTG ACT GTG GTG GCA GAA GAA AAC CCC TIC TCA ATG GCA ATG CTG CTG 912 
Val Thr Val Val Ala Glu Glu Asn Pro Phe Ser Met Ala Met Leu Leu 
265 270 275 

TCT GAA GAA TGC TTT ATT TTG GAC CAC GGG GCT GCC AAA CAA ATT TIC 960 
Ser Glu Glu Cys Phe He Leu Asp His Gly Ala Ala Lys Gin He Phe 
280 285 290 

GTA TGG AAA GGT AAA GAT GCT AAT CCC CAA GAG AGG AAG GCT GCA ATG 1008 
Val Trp Lys Gly Lys Asp Ala Asn Pro Gin Glu Arg Lys Ala Ala Met 
295 300 305 " 310 

AAG ACA GCT GAA GAA TTT CTA CAG CAA ATG AAT TAT TCC AAG AAT ACC 1056 
Lys Thr Ala Glu Glu Phe Leu Gin Gin Met Asn Tyr Ser Lys Asn Thr 
315 320 325 

CAA ATT CAA GTT CTT CCA GAA GGA GGT GAA ACA CCA ATC TTC AAA CAG 1104 
Gin He Gin Val Leu Pro Glu Gly Gly Glu Thr Pro He Phe Lys Gin 
330 335 340 

TTT TTT AAG GAC TGG AGA GAT AAA GAT CAG ACT GAT GGC TTC GGG AAA 1152 
Phe Phe Lys Asp Trp Arg Asp Lys Asp Gin Ser Asp Gly Phe Gly Lys 
345 350 355 
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GTT TAT GTC ACA GAG AAA GTG GCT CAA ATA AAA CAA ATT CCC TTT GAT 1200 
Val Tyr Val Thr Glu Lys Val Ala Gin He Lys Gin lie Pro Phe Asp 
360 365 370 

GCC TCA AAA TTA CAC AGT TCT GOG CAG ATG GCA GGC CAG CAC AAT ATG 1248 
Ala Ser Lys Leu His Ser Ser Pro Gin Met Ala Ala Gin His Asn Met 
375 380 385 390 

GTG GAT GAT GGT TCT GGC AAA GTG GAG ATT TGG CGT GTA GAA AAC AAT 1296 
Val Asp Asp Gly Ser Gly Lys Val Glu He Trp Arg Val Glu Asn Asn 
395 400 405 

GGT AGG ATC CAA GTT GAC CAA AAC TCA TAT GGT GAA TTC TAT GGT GGT 1344 
Gly Arg He Gin Val Asp Gin Asn Ser Tyr Gly Glu Phe Tyr Gly Gly 
410 415 420 

GAC TGC TAG ATC ATA CTC TAC ACC TAT CCC AGA GGA CAG ATT ATC TAC 1392 
Asp Cys Tyr He He Leu Tyr Thr Tyr Pro Arg Gly Gin He lie Tyr 
425 430 435 

ACG TGG CAA GGA GCA AAT GCC ACA CGA GAT GAG CTG ACA ACA TCT GCG 1440 
Thr Trp Gin Gly Ala Asn Ala Thr Arg Asp Glu Leu Thr Thr Ser Ala 
440 445 450 

TTC CTG ACT GTT CAG TTG GAT CGG TCC CTT GGA GGA CAG GCT GTG CAG 1488 
Phe Leu Thr Val Gin Leu Asp Arg Ser Leu Gly Gly Gin Ala Val Gin 
455 460 465 470 

ATC CGA GTC TCC CAA GGC AAA GAG CCT GTT CAC CTA CTG AGT TTG TTC 1536 
lie Arg Val Ser Gin Gly Lys Glu Pro Val His Leu Leu Ser Leu Phe 
475 480 485 

AAA GAC AAA CGG CTC ATT ATT TAC AAG AAT GGA ACA TCA AAG AAA GGA. 1584 
Lys Asp Lys Pro Leu He He Tyr Lys Asn Gly Thr Ser Lys Lys Gly 
490 495 500 

GGT CAG GCA CCT GCT CCC CCT ACA GGC CTC TTT CAA GTC CGG AGA AAC 1632 
Gly Gin Ala Pro Ala Pro Pro Thr Arg Leu Phe Gin Val Arg Arg Asn 
505 510 515 

CTG GCA TCT ATC ACC AGA ATT GTG GAG GTT GAT GTT GAT GCA AAT TCA 1680 
Leu Ala Ser He Thr Arg He Val Glu Val Asp Val Asp Ala Asn Ser 
520 525 530 

CTG AAT TCT AAC GAT GTT TGT GTC CTG AAA CTG CCA CAA AAT AGT GGC 1728 
Leu Asn Ser Asn Asp Val Cys Val Leu Lys Leu Pro Gin Asn Ser Gly 
535 540 545 550 
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TAC ATC TGG GTA GGA AAA GGT GCT AGC CAG GAG GAG GAG AAA GGA GCA 1776 
Tyr lie Trp Val Gly Lys Gly Ala Ser Gin Glu Glu Glu Lys Gly Ala 
555 560 565 

GAG TAT GTA GCA ACT GTC CTA AAG TGC AAA ACC TTA AGG ATC CAA GAA 1824 
Glu Tyr Val Ala Ser Val Leu Lys Cys Lys Thr Leu Arg lie Gin Glu 
570 575 580 

GGC GAG GAG CCA GAG GAG TIC 1GG AAT TCC CTT GGA GGG AAA AAA GAC 1872 
Gly Glu Glu Pro Glu Glu Phe Trp Asn Ser Leu Gly Gly Lys Lys Asp 
585 590 595 

TAC CAG ACC TCA CCA CTA CTG GAA ACC CAG GCT GAA GAC CAT CCA OCT 1920 
Tyr Gin Thr Ser Pro Leu Leu Glu Thr Gin Ala Glu Asp His Pro Pro 
600 605 610 

GGG CTT TAC GGC TGC TCT AAC AAA ACT GGA AGA TTT GTT ATT GAA GAG 1968 
Arg Leu Tyr Gly Cys Ser Asn Lys Thr Gly Arg Phe Val lie Glu Glu 
615 620 625 630 

ATT CCA GGA GAG TTC ACC CAG GAT GAT TTA GCT GAA GAT GAT GTC ATG 2016 
lie Pro Gly Glu Phe Thr Gin Asp Asp Leu Ala Glu Asp Asp Val Met 
635 640 645 

TTA CTA GAT GCT TGG GAA CAG ATA TTT ATT TGG ATT GGC AAA GAT GCT 2064 
Leu Leu Asp Ala Trp Glu Gin He Phe He Trp He Gly Lys Asp Ala 
650 655 660 

AAT GAA GTT GAG AAA AAA GAA TCT CTG AAG TCT GCC AAA ATG TAC CTT 2112 
Asn Glu Val Glu Lys Lys Glu Ser Leu Lys Ser Ala Lys Met Tyr Leu 
665 670 675 

GAG ACA GAC CCT TCT GGA AGA GAC AAG AGG ACA CCA ATT GTC ATC ATA 2160 
Glu Thr Asp Pro Ser Gly Arg Asp Lys Arg Thr Pro He Val He He 
680 685 690 

AAA CAG GGC CAT CAG CCA CCC ACA TTC ACA GGC TGG TTC CTG GGC TGG 2208 
Lys Gin Gly His Glu Pro Pro Thr Phe Thr Gly Trp Phe Leu Gly Trp 
695 700 705 710 

CAT TCC AGC AAG TGG TAAATTGGTA TTTGTAAAAA GCAAACAAAC ATTACAAGGC 2263 
Asp Ser Ser Lys Trp 
715 

AGTTATCTCA TTGCIGTTTT GGGAGAGGAA GGGGAAAAGC TTJLTJLGCJLTA TTTGTCTTTT 2323 



GAAAATTAAG 



GT03CICACA CCTGTAATCC CAGCACTTTG AGAGGATGAG 2383 



GTAGGCCGAT CACIQ33GTC PGGATTTCGA GACCAGOCTC GCCAACATG3 CGAAACCTOG 2443 

CCICTACTAA AAATACAAAA AAATTftGCIG CGOGTCGTOG TCCAOGCCIG TOGTCCCTCC 2503 

TivrrroGAAG gctgagacag gaaaatigct igagcosgg £GGCTCAGGT TGCAGTGAGC 2563 

CRGGKTIGCG CCACCACACT CCSGCCIGGG CAACftGSGAC TCIGTCICAA AAAAAAAAAA 2623 

AAAAAAA 2630 



SEQ ID NO: 
Sequence length: 
Sequence Type: 
Topology : 
Molecule type: 
Sequence description 

SEQ ID NO: 
Sequence length: 
Sequence Type: 
Topology: 
Molecule type: 
Sequence description: 



6 

16 

amino acid 

linear 

peptide 

LNHVLTNDLTAKRLLH 
7 

16 

amino acid 

linear 

peptide 

KVYVTEKVAQIKQIPF 



CLAIMS 

1. A DNA containing a base sequence encoding an amino acid 
sequence represented by SEQ ID NO: 4 or 5 in Sequence Listing, 
which optionally has partial replacement, deletion or addition, 

5 or a base sequence hybridizable therewith. 

2. A recombinant vector containing a DNA as claimed in 
Claim 1 . 

3. Prokaryotic or eukaryotic host cells transformed by 
a recombinant vector as claimed in Claim 2. 

10 4. A process for producing a recombinant protein which 

-comprises incubating host cells as claimed in Claim 3 and 
isolating and purifying the protein thus produced. 
5 . A process for producing a recombinant protein as claimed 

in Claim 4, wherein said recombinant protein is one having 

15 an actin filament-severing activity. 

6. A recombinant adseverin protein isolated and purified 
from the culture supernatant obtained by incubating host cells 
as claimed in Claim 3. 

7. An oligonucleotide hybridizable specifically with 

20 a base sequence encoding an amino acid sequence represented 
by SEQ ID NO : 4 or 5' in Sequence Listing. 

8 . ' A method for regulating the formation of adseverin in 
an animal comprising administering an oligonucleotide, which 
is hybridizable specifically with a base sequence encoding 

25 an amino acid sequence represented by SEQ ID NO : 4 or & in 
Sequence Listing, to the animal. 

9. An antibody capable of recognizing adseverin protein. 
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ABSTRACT 

A DNA containing a base sequence encoding an amino acid 
sequence represented by SEQ ID NO: 4 or 5 in Sequence Listing, 
which optionally has partial replacement, deletion or addition, 
5 or a base sequence hybridizabie therewith; a recombinant vector 
containing this gene; a transf ormant constructed by using this 
vector; a process for producing adseverin by using the 
above-mentioned gene; a recombinant adseverin protein obtained 
by this production process; an oligonucleotide hybridizabie 

10 specifically with a base sequence encoding an amino acid 

sequence represented by SEQ ID NO : 4 or ft; a method for regulating 
the formation of adseverin in an animal which comprises 
administering the above-mentioned oligonucleotide to the 
animal; and an antibody capable of recognizing adseverin 

15 protein. 
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Fig. 1 
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Jg- As a below named inventor, I hereby declare that: my residence post office address and 
citizenship are as stated next to my name; that I verily believe that I am the original, first and sole 
inventor (if only one inventor is named below) or a joint inventor (if plural inventors are named 
below) of the subject matter which is claimed and for which a patent is sought on the invention 
en mi ed . * GENE ENCODING ADSEVERIN 



ATTORNEY DOCKET NO. 
230-110P 



the specification of which is attached hereto unless one of the following boxes is checked: 

CD The Specification was filed on and was assigned 

Serial No and was amended on 

C3 was filed as PCT international application number PCT/ JP94/02227 0 n 

Dec. 27, 1994 and was amended under PCT Article 19 on 

(if applicable). 

I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information material to patentability as defined in Title 37, 
Code of Federal Regulations, §1.56. 

I do not know and do not believe the same was ever known or used in the United States of 
America before my or our invention thereof, or patented or described in any printed publication in 
any country before my or our invention thereof^ or more than one year prior to this application, 
that the same was not in public use or on sale in the United States of America more than one year 
prior to this application, that the invention has not been patented or made the subject of an 
inventor's certificate issued before the date of this application in any country foreign to the United 
States of America on an application filed by me or my legal representatives or assigns more than 
twelve months (six months for designs) prior to this application, and that no application for patent 
or inventor's certificate on this invention has been filed in any country foreign to the United States 
of America prior to this application by me or my legal representatives or assigns, except as follows: 

I hereby claim foreign priority benefits under Title 35, United States Code, § 1 19 of any foreign 
application(s) for patent or inventor's certificate listed below: 

Prior Foreign Application(s) Priority Claimed 



355112/1993 


Japan 


12/28/1993 


(Number) 

160236/1994 


(Country) 

Japan 


(Month/ Day/ Year Filed) 

7/12/1994 


(Number) 

340692/1994 


(Country) 

Japan 


(Month/ Day/ Year Filed) 

12/20/1994 


(Number) 


(Country) 


(Month/Day/Year Filed) 


(Number) 


(Country) 


(Month/ Day/ Year Filed) 



B □ 

Yes No 

□ □ 

Yes No 

□ □ 



(Number) (Country) (Month/ Day/ Year Filed) 

All Foreign Applications, if any, for any Patent or Inventor's Certificate Filed More Than 12 
Months (6 Months for Designs) Prior To The Filing Date of This Application: 

Country Application No. Date of Filing (Month/ Day/ Year) 



I hereby claim the benefit under Title 35, United States Code, §120. of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this application 
is not disclosed in the prior United States application in the manner provided by the first paragraph 
of Title 35, United States Code, §112, I acknowledge the duty to disclose material information as 
defined in Title 37, Code of Federal Regulations, §1.56 which occurred between the filing date of 
the prior application and the national or PCT international filing date of this application: 

(Application Serial No.) (Filing Date) (Status — patented, pending, abandoned) 

(Application Serial No.) (Filing Date) (Status — patented, pending, abandoned) 

•NOTE: Must be completed. 



1 hereby appo t ..t the following attorneys to prosecute tins application and .'or an international 
application based on this application and to transact all business in the Patent and Trademark 
Office connected therewith and in connection with the resulting patent based on instructions 
received from the entity who first sent the application papers to the attorneys identified below, 
unless the inventor(s) or assignee provides said attorneys with a written notice to the contrary: 



PLEASE NOTE. 



COMPLETE THE 



RAYMOND C. STEWART (Reg. No. 21,066) 
JOSEPH A. KOLASCH (Reg. No. 22,463) 
JAMES M. SLATTERY (Reg. No. 28,380) 
DONALD C. KOLASCH (Reg. No. 23.038) 
CHARLES GORENSTEIN (Reg. No. 29,271) 
LEONARD R. SVENSSON (Reg. No. 30,330) 
MARC S. WEINER (Reg. No. 32,181) 



TERRELL C. BIRCH (Reg. No. 19,382) 
ANTHONY L. BIRCH (Reg. No. 26,122) 
BERNARD L. SWEENEY (Reg. No. 24,448) 
MICHAEL K. MUTTER (Reg. No. 29,680) 
GERALD M. MURPHY, JR. (Reg. No. 28,977) 
TERRY L. CLARK (Reg. No. 32.644) 
ANDREW D. MEIK.LE (Reg. No. 32,868) 



Send Correspondence to: 



BIRCH, STEWART, KOLASCH AND BIRCH 
P.O. Box 747 
Falls Church, Virginia 22040-0747 
Telephone: (703) 205-8000 
Facsimile: (703) 205-8050 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 
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•DATE 

June 17, 
1996 


RESIDENCE (Cty Stare & Country) 
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Japanese 
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GIVEN NAME FAMILY NAME 

Juni-ichi NEZU 


INVENTOR'S SIGNATURE 


•DATE 
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RESIDENCE (Cty State & Country) 
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As a below named inventor, I hereby declare that: my residence, post office address and citizenship are 
as stated next to my name; that I verily believe that I am the original, first and sole inventor (if only one 
inventor is named below) or an original, first and joint inventor (if plural inventors are named below) of the 
subject matter which is claimed and for which a patent is sought on the invention entitled:* 

GENE ENCODING ADSEVERIN 



the specification of which is attached hereto unless the following box is checked: 



was filed on June 28, 1996 



States Application Number 08/669,286 



PCT International Application Number_ 
and was amended on _ 



PCT/JP94/02227 



_ (if applicable). 



I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in Title 37, 
Code of Federal Regulations, §1.56. 

I do not know and do not believe the same was ever known or used in the United States of America 
before my or our invention thereof, or patented or described in any printed publication in any country before 
my or our invention thereof, or more than one year prior to this application, that the same was not in public 
use or on sale in the United States of America more than one year prior to this application, that the invention 
has not been patented or made the subject of an inventor's certificate issued before the date of this application 
in any country foreign to the United States of America on an application filed by me or my legal 
representatives or assigns more than twelve months (six months for designs) prior to this application, and that 
no application for patent or inventor's certificate on this invention has been filed in any country foreign to the 
United States of America prior to this application by me or my legal representatives or assigns, except as 
follows. 

I hereby claim foreign priority benefits under Title 35, United States Code, §1 19 (a)-(d) of any foreign 
application(s) for patent or inventor's certificate listed below and have also identified below any foreign 
application for patent or inventor's certificate having a filing date before that of the application on which 
priority is claimed: - 



Prior Foreign Application(s) 






Priority 


Claimed 
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Japan 
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(Number) 


(Country) 


(Month/Day/Year Filed) 
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160236/1994 


Japan 


7/12/1994 
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(Number) 


(Country) 


(Month/Day/Year Filed) 
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No 


340692/1994 


Japan 


12/20/1994 
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(Number) 


(Country) 
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(1) GENERAL INFORMATION: 

(I) APPLICANT: NAKAMURA, SEIJI 
SAKURAI , TAKASHI 
NEZU, JUNI-ICHI 

(ii) TITLE OF INVENTION: GENE ENCODING ADSEVERIN 

(iii) NUMBER OF SEQUENCES : 18 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Birch, Stewart, Kolasch & Birch, LLP 

(B) STREET: P.O. Box 747 

(C) CITY: Falls Church 

(D) STATE: VA 

(E) COUNTRY: USA 

(F) ZIP: 22040-0747 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC- DOS /MS- DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

fviii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: MURPHY Jr., Gerald M. 

(B) REGISTRATION NUMBER: 28,977 

(C) REFERENCE/DOCKET NUMBER: 230-110P 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (703) 205-8000 

(B) TELEFAX: (703) 205-8050 



(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Lys Val Ala His Val Lys Gin lie Pro Phe Asp Ala 
15 10 
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(2) INFORMATION FOR SEQ ID NO : 2 : 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Val Leu Thr Asn Asp Leu Thr Ala Gin 
1 5 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



. (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

lie Thr Asn Arg Lys 
1 5 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2418 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(ix) FEATURE: 

(A) NAME /KEY : CDS 

(B) LOCATION: 27.. 2171 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

CGGCCGGAAC ATCGCGTGCC CGAGTC ATG GCC CAG GGG CTG TAC CAC GAG GAG 53 
Met Ala Gin Gly Leu Tyr His Glu Glu 
1 5 

TTC GCC CGC GCG GGC AAG CGG GCG GGG CTG CAG GTC TGG AGA ATT GAG 101 
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Phe Ala Arg Ala Gly Lys Arg Ala Gly Leu Gin Val Trp Arg He Glu 
10 15 20 25 



AAG CTG GAG CTG GTG CCG GTG CCC GAG AGC GCG TAT GGC AAC TTC TAC 
Lys Leu Glu Leu Val Pro Val Pro Glu Ser Ala Tyr Gly Asn Phe Tyr 



GTC GGG GAT GCC TAC CTG GTG CTC CAC ACG ACG CAG GCC AGC CGG GGC 
Val Gly Asp Ala Tyr Leu Val Leu His Thr Thr Gin Ala Ser Arg Gly 



TTC ACC TAC CGC CTG CAC TTC TGG CTG GGA AAG GAG TGT ACT CAG GAT 
Phe Thr Tyr Arg Leu His Phe Trp Leu Gly Lys Glu Cys Thr Gin Asp 
60 65 70 

GAA AGC ACA GCA GCT GCC ATC TTT ACT GTT CAG ATG GAT GAC TAT TTG 
Glu Ser Thr Ala Ala Ala He Phe Thr Val Gin Met Asp Asp Tyr Leu 



GGT GGC AAA CCT GTG CAG AAC AGA GAA CTT CAA GGC TAT GAG TCT ACG 
Gly Gly Lys Pro Val Gin Asn Arg Glu Leu Gin Gly Tyr Glu Ser Thr 
90 95 100 105 

GAT TTT GTT GGC TAC TTT AAA GGA GGT CTG AAA TAC AAG GCT GGC GGT 
Asp Phe Val Gly Tyr Phe Lys Gly Gly Leu Lys Tyr Lys Ala Gly Gly 
110 115 120 

GTG GCG TCT GGA CTC AAT CAT GTG CTT ACA AAT GAC TTG ACT GCT CAG 
Val Ala Ser Gly Leu Asn His Val Leu Thr Asn Asp Leu Thr Ala Gin 
125 130 135 

AGG CTC CTG CAT GTG AAA GGT CGG AGA GTC GTC AGG GCC ACG GAA GTT 
Arg. Leu Leu His Val Lys Gly Arg Arg Val Val Arg Ala Thr Glu Val 
140 145 150 

CCC CTA AGC TGG GAC AGT TTC AAC AAG GGT GAC TGC TTC ATC ATT GAC 
Pro Leu Ser Trp Asp Ser Phe Asn Lys Gly Asp Cys Phe He He Asp 
155 160 165 

CTT GGC ACT GAA ATT TAC CAG TGG TGT GGA TCT TCT TGC AAC AAG TAC 
Leu Gly Thr Glu lie Tyr Gin Trp Cys Gly Ser Ser Cys Asn Lys Tyr 
170 175 180 185 

GAG CGC CTG AAG GCC AGC CAG GTT GCC ATC GGC ATT CGG GAC AAT GAA 
Glu Arg Leu Lys Ala Ser Gin Val Ala He Gly He Arg Asp Asn Glu 
190 195 200 

AGG AAA GGC AGA GCT CAG CTG ATT GTG GTA GAA GAA GGG AGT GAA CCA 
Arg Lys Gly Arg Ala Gin Leu He Val Val Glu Glu Gly Ser Glu Pro 
205 210 215 

TCA GAG CTT ACA AAG GTA TTA GGG GAA AAG CCA AAG CTT AGG GAT GGA 
Ser Glu Leu Thr Lys Val Leu Gly Glu Lys Pro Lys Leu Arg Asp Gly 
220 225 230 

GAA GAT GAT GAT GAC ATC AAA GCA GAT ATA ACT AAT AGG AAA ATG GCT 
Glu Asp Asp Asp Asp He Lys Ala Asp He Thr Asn Arg Lys Met Ala 
235 240 245 

AAA CTC TAC ATG GTT TCA GAT GCC AGT GGC TCC ATG AAA GTG AGT CTG 
Lys Leu Tyr Met Val Ser Asp Ala Ser Gly Ser Met Lys Val Ser Leu 



250 



255 



260 



265 



GTG GCA GAA GAA AAC CCC TTC TCC ATG GCG ATG CTT CTG TCT GAA GAA 
Val Ala Glu Glu Asn Pro Phe Ser Met Ala Met Leu Leu Ser Glu Glu 
270 275 280 

TGC TTC ATT TTG GAC CAC GGT GCT GCA AAA CAG ATT TTT GTA TGG AAA 
Cys Phe lie Leu Asp His Gly Ala Ala Lys Gin lie Phe Val Trp Lys 
285 290 295 

GGT AAA GAT GCT AAT CCC CAG GAG AGA AAG GCT GCC ATG AAG ACA GCT 
Gly Lys Asp Ala Asn Pro Gin Glu Arg Lys Ala Ala Met Lys Thr Ala 
300 305 310 

GAG GAA TTC CTA CAG CAA ATG AAT TAT TCT ACG AAT ACC CAA ATT CAA 
Glu Glu Phe Leu Gin Gin Met Asn Tyr Ser Thr Asn Thr Gin He Gin 
315 320 325 

GTT CTT CCA GAA GGA GGT GAA ACA CCA ATC TTC AAA CAG TTC TTT AAG 
Val Leu Pro Glu Gly Gly Glu Thr Pro He Phe Lys Gin Phe Phe Lys 
330 335 340 345 

GAC TGG AGA GAT AGA GAT CAG AGC GAT GGC TTC GGG AAA GTG TAT GTC 
Asp Trp Arg Asp Arg Asp Gin Ser Asp Gly Phe Gly Lys Val Tyr Val 
350 355 360 

ACA GAA AAA GTG GCT CAC GTA AAA CAA ATT CCA TTT GAT GCC TCA AAA 
Thr Glu Lys Val Ala His Val Lys Gin He Pro Phe Asp Ala Ser Lys 
365 370 375 

TTG CAC AGC TCC CCA CAA ATG GCA GCC CAG CAT CAC GTG GTG GAT GAC 
Leu His Ser Ser Pro Gin Met Ala Ala Gin His His Val Val Asp Asp 
380 385 390 

GGT TCT GGC AAA GTG CAG ATT TGG CGT GTA GAA AAC AAC GGT AGG GTC 
Gly Ser Gly Lys Val Gin He Trp Arg Val Glu Asn Asn Gly Arg Val 
395 400 * 405 

GAA ATT GAC CGA AAC TCG TAT GGT GAA TTC TAT GGT GGT GAT TGC TAC 
Glu He Asp Arg Asn Ser Tyr Gly Glu Phe Tyr Gly Gly Asp Cys Tyr 
410 415 420 425 

ATT ATA CTT TAC ACT TAT CCC AGA GGA CAG ATT ATC TAC ACC TGG CAA 
He lie Leu Tyr Thr Tyr Pro Arg Gly Gin He He Tyr Thr Trp Gin 
430 435 440 

GGA GCA AAT GCC ACA CGG GAT GAG CTG ACA ACC TCC GCA TTC CTG ACT 
Gly Ala Asn Ala Thr Arg Asp Glu Leu Thr Thr Ser Ala Phe Leu Thr 
445 450 455 

GTT CAG TTG GAT AGA TCC CTC GGG GGA CAG GCT GTG CAG ATT CGA GTC 
Val Gin Leu Asp Arg Ser Leu Gly Gly Gin Ala Val Gin He Arg Val 
460 465 470 

TCC CAA GGC AAA GAA CCT GCT CAC CTG CTG AGT TTG TTC AAA GAC AAA 
Ser Gin Gly Lys Glu Pro Ala His Leu Leu Ser Leu Phe Lys Asp Lys 
475 480 485 

CCG CTC ATT ATT TAC AAG AAC GGA ACA TCA AAG AAA GAA GGT CAG GCA 
Pro Leu He He Tyr Lys Asn Gly Thr Ser Lys Lys Glu Gly Gin Ala 
490 495 500 505 
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CCA GCC CCC CCT ATA CGC CTC TTT CAA GTC CGA AGA AAC CTG GCT TCG 1589 
Pro Ala Pro Pro He Arg Leu Phe Gin Val Arg Arg Asn Leu Ala Ser 
510 515 520 

ATC ACC AGA ATT ATG GAG GTA GAT GTT GAT GCA AAC TCA TTG AAT TCC 1637 
He Thr Arg He Met Glu Val Asp Val Asp Ala Asn Ser Leu Asn Ser 
525 530 535 

AAT GAT GTT TTT GTC CTG AAA CTG CGA CAA AAT AAT GGC TAC ATC TGG 1685 
Asn Asp Val Phe Val Leu Lys Leu Arg Gin Asn Asn Gly Tyr He Trp 
540 545 550 

ATA GGA AAA GGC TCC ACA CAG GAG GAG GAG AAA GGA GCA GAG TAC GTG 1733 
He Gly Lys Gly Ser Thr Gin Glu Glu Glu Lys Gly Ala Glu Tyr Val 
555 560 565 

GCA AGC GTC CTC AAA TGC AAA ACT TCG ACG ATT CAG GAA GGC AAG GAA 17 81 

Ala Ser Val Leu Lys Cys Lys Thr Ser Thr He Gin Glu Gly Lys Glu 
570 575 580 585 

CCA GAG GAG TTT TGG AAT TCC CTT GGA GGG AAA AAA GAC TAC CAG ACC 182 9 

Pro Glu Glu Phe Trp Asn Ser Leu Gly Gly Lys Lys Asp Tyr Gin Thr 
590 595 600 

TCT CCT CTG CTA GAA TCC CAG GCT GAA GAC CAT CCA CCT CGG CTT TAC 187 7 

Ser Pro Leu Leu Glu Ser Gin Ala Glu Asp His Pro Pro Arg Leu Tyr 
605 610 615 

GGC TGC TCC AAC AAA ACT GGA AGA TTC ATT ATT GAA GAG GTT CCA GGA 1925 
Gly Cys Ser Asn Lys Thr Gly Arg Phe lie He Glu Glu Val Pro Gly 
620 625 630 

GAG TTC ACC CAG GAT GAT TTA GCA GAA GAT GAT GTC ATG CTG TTA GAT 1973 
Glu Phe Thr Gin Asp Asp Leu Ala Glu Asp Asp Val Met Leu Leu Asp 
635 640 645 

GCT TGG GAA CAG ATT TTT ATT TGG ATT GGA AAA GAT GCC AAT GAA GTT 2021 
Ala Trp Glu Gin He Phe He Trp He Gly Lys Asp Ala Asn Glu Val 
650 655 660 665 

GAG AAA TCA GAA TCT CTG AAG TCT GCC AAA ATA TAC CTT GAG ACC GAC 20 69 

Glu Lys Ser Glu Ser Leu Lys Ser Ala Lys He Tyr Leu Glu Thr Asp 
670 675 680 

CCT TCT GGA AGA GAC AAG AGG ACG CCA ATT GTC ATC ATA AAA CAG GGT 2117 
Pro Ser Gly Arg Asp Lys Arg Thr Pro He Val He He Lys Gin Gly 
685 690 695 

CAT GAG CCA CCT ACT TTC ACA GGC TGG TTC CTG GGC TGG GAT TCC AGC 2165 
His Glu Pro Pro Thr Phe Thr Gly Trp Phe Leu Gly Trp Asp Ser Ser 
700 705 710 

AGG TGG TAAACTGATT TTTGTAGGAA AAAAACAAAT ATAATGGGGC AGCTGTCCCA 2221 
Arg Trp 
715 

GGGGGGAAGG AGGAGCTTGT TTAACTTTAG AAAATTAACC TCAGCCATAT GGCTATTTTT 22 81 
CCGTGCTTAG AATTGGTTTG AAATTTCTTT TAAACTGGAA TTTTCTTATG TTAATATTTT 2341 
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TATAACTTTT CTTATGGACC AATATTAGCT CTGCTGGATG CTGACATATC TTTATATATG 2 4 01 
ACTTTTTAAA GGGGCCG 2418 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 715 amino acids 

(B) TYPE: amino acid • 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Met Ala Gin Gly Leu Tyr His Glu Glu Phe Ala Arg Ala Gly Lys Arg 
15 10 15 

Ala Gly Leu Gin Val Trp Arg He Glu Lys Leu Glu Leu Val Pro Val 
20 25 30 

Pro Glu Ser Ala Tyr Gly Asn Phe Tyr Val Gly Asp Ala Tyr Leu Val 
35 40 45 

Leu His Thr Thr Gin Ala Ser Arg Gly Phe Thr Tyr Arg Leu His Phe 
50 55 60 

Trp Leu Gly Lys Glu Cys Thr Gin Asp Glu Ser Thr Ala Ala Ala He 
65 70 75 80 

Phe Thr Val Gin Met Asp Asp Tyr Leu Gly Gly Lys Pro Val Gin Asn 
85 90 95 

Arg Glu Leu Gin Gly Tyr Glu Ser Thr Asp Phe Val Gly Tyr Phe Lys 
100 105 HO 

Gly Gly Leu Lys Tyr Lys Ala Gly Gly Val Ala Ser Gly Leu Asn His 
115 120 125 

Val Leu Thr Asn Asp Leu Thr Ala Gin Arg Leu Leu His Val Lys Gly 
130 135 140 

Arg Arg Val Val Arg Ala Thr Glu Val Pro Leu Ser Trp Asp Ser Phe 
145 150 ' 155 160 

Asn Lys Gly Asp Cys Phe He He Asp Leu Gly Thr Glu He Tyr Gin 
165 170 175 

Trp Cys Gly Ser Ser Cys Asn Lys Tyr Glu Arg Leu Lys Ala Ser Gin 
180 185 190 

Val Ala He Gly He Arg Asp Asn Glu Arg Lys Gly Arg Ala Gin Leu 
195 200 205 

He Val Val Glu Glu Gly Ser Glu Pro Ser Glu Leu Thr Lys Val Leu 
210 215 220 

Gly Glu Lys Pro Lys Leu Arg Asp Gly Glu Asp Asp Asp Asp He Lys 
225 230 235 240 
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Ala Asp He Thr Asn Arg Lys Met Ala Lys Leu Tyr Met Val Ser Asp 
245 250 255 

Ala Ser Gly Ser Met Lys Val Ser Leu Val Ala Glu Glu Asn Pro Phe 
260 265 270 

Ser Met Ala Met Leu Leu Ser Glu Glu Cys Phe He Leu Asp His Gly 
275 280 285 

Ala Ala Lys Gin He Phe Val Trp Lys Gly Lys Asp Ala Asn Pro Gin 
290 295 300 

Glu Arg Lys Ala Ala Met Lys Thr Ala Glu Glu Phe Leu Gin Gin Met 
305 ■ 310 315 320 

Asn Tyr Ser Thr Asn Thr Gin He Gin Val Leu Pro Glu Gly Gly Glu 
325 330 335 

Thr Pro He Phe Lys Gin Phe Phe Lys Asp Trp Arg Asp Arg Asp Gin 
340 345 350 

Ser Asp Gly Phe Gly Lys Val Tyr Val Thr Glu Lys Val Ala His Val 
355 360 365 

Lys Gin He Pro Phe Asp Ala Ser Lys Leu His Ser Ser Pro Gin Met 
370 375 380 

Ala Ala Gin His His Val Val Asp Asp Gly Ser Gly Lys Val Gin He 
■ 385 390 395 400 

Trp Arg Val Glu Asn Asn Gly Arg Val Glu He Asp Arg Asn Ser Tyr 
405 410 415 

Gly Glu Phe Tyr Gly Gly Asp Cys Tyr He He Leu Tyr Thr Tyr Pro 
420 425 430 

Arg Gly Gin He He Tyr Thr Trp Gin Gly Ala Asn Ala Thr Arg Asp 
435 440 445 

Glu Leu Thr Thr Ser Ala Phe Leu Thr Val Gin Leu Asp Arg Ser Leu 
450 455 460 

Gly Gly Gin Ala Val Gin He Arg Val Ser Gin Gly Lys Glu Pro Ala 
465 470 475 480 

His Leu Leu Ser Leu Phe Lys Asp Lys Pro Leu He He Tyr Lys Asn 
485 490 495 

Gly Thr Ser Lys Lys Glu Gly Gin Ala Pro Ala Pro Pro He Arg Leu 
500 505 510 

Phe Gin Val Ara Arg Asn Leu Ala Ser lie Thr Arg He Met Glu Val 
515 " 520 525 

Asp Val Asp Ala Asn Ser Leu Asn Ser Asn Asp Val Phe Val Leu Lys 
530 535 540 

Leu Arg Gin Asn Asn Gly Tyr He Trp He Gly Lys Gly Ser Thr Gin 
545 550 555 560 

Glu Glu Glu Lys Gly Ala Glu Tyr Val Ala Ser Val Leu Lys Cys Lys 
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Thr Ser Thr He 
580 



Leu Gly Gly Lys 
595 

Ala Glu Asp His 
610 

Arg Phe He He 
625 

Ala Glu Asp Asp 



Trp He Gly Lys 
660 



Ser Ala Lys He 
675 



Thr Pro He Val 
690 

Gly Trp Phe Leu 
705 



565 

Gin Glu Gly Lys 



Lys Asp Tyr Gin 
600 

Pro Pro Arg Leu 
615 

Glu Glu Val Pro 
630 

Val Met Leu Leu 
645 

Asp Ala Asn Glu 



Tyr Leu Glu Thr 
680 

He He Lys Gin 
695 



Gly Trp Asp Ser 
710 



570 

Glu Pro Glu Glu 
585 

Thr Ser Pro Leu 



Tyr Gly Cys Ser 
620 

Gly Glu Phe Thr 
635 

Asp Ala Trp Glu 
650 

Val Glu Lys Ser 
665 

Asp Pro Ser Gly 



Gly His Glu Pro 
700 



Ser Arg Trp 
715 



575 



Phe Trp Asn Ser 
590 

Leu Glu Ser Gin 
605 

Asn Lys Thr Gly 



Gin Asp Asp Leu 
640 

Gin He Phe lie 
655 



Glu Ser Leu Lys 
670 



Arg Asp Lys Arg 
685 



Pro Thr Phe Thr 



(2) INFORMATION FOR SEQ ID NO: 6: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2630 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 



(ix) FEATURE: 

(A) NAME /KEY : CDS 

(B) LOCATION: 79.-2223 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

AAGGTTCCTC CTGCTGCTCT CGGTTTAGTC CAAGATCAGC GATATCACGC GTCCCCCGGA 

GCATCGCGTG CAGGAGCC ATG GCG CGG GAG CTA TAC CAC GAA GAG TTC GCC 

Met Ala Arg Glu Leu Tyr His Glu Glu Phe Ala 



CGG GCG GGC AAG CAG GCG GGG CTG CAG GTC TGG AGG ATT GAG AAG CTG 

Arg Ala Gly Lys Gin Ala Gly Leu Gin Val Trp Arg He Glu Lys Leu 

15 20 25 

GAG CTG GTG CCC GTG CCC CAG AGC GCT CAC GGC GAC TTC TAC GTC GGG 

Glu Leu Val Pro Val Pro Gin Ser Ala His Gly Asp Phe Tyr Val Gly 
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GAT GCC TAC CTG GTG CTG CAC ACG GCC AAG ACG AGC CGA GGC TTC ACC 
Asp Ala Tyr Leu Val Leu His Thr Ala Lys Thr Ser Arg Gly Phe Thr 



TAC CAC CTG CAC TTC TGG CTC GGA AAG GAG TGT TCC CAG GAT GAA AGC 
Tyr His Leu His Phe Trp Leu Gly Lys Glu Cys Ser Gin Asp Glu Ser 



ACA GCT GCT GCC ATC TTC ACT GTT CAG ATG GAT GAC TAT TTG GGT GGC 
Thr Ala Ala Ala He Phe Thr Val Gin Met Asp Asp Tyr Leu Gly Gly 
80 85 90 

AAG CCA GTG CAG AAT AGA GAA CTT CAA GGA TAT GAG TCT AAT GAC TTT 
Lys Pro Val Gin Asn Arg Glu Leu Gin Gly Tyr Glu Ser Asn Asp Phe 
95 100 105 

GTT AGC TAT TTC AAA GGC GGT CTG AAA TAC AAG GCT GGA GGC GTG GCA 
Val Ser Tyr Phe Lys Gly Gly Leu Lys Tyr Lys Ala Gly Gly Val Ala 
110 115 120 

TCT GGA TTA AAT CAT GTT CTT ACG AAC GAC CTG ACA GCC AAG AGG CTC 
Ser Gly Leu Asn His Val Leu Thr Asn Asp Leu Thr Ala Lys Arg Leu 
125 130 135 

CTA CAT GTG AAG GGT CGT AGA GTG GTG AGA GCC ACA GAA GTT CCC CTT 
Leu His Val Lys Gly Arg Arg Val Val Arg Ala Thr Glu Val Pro Leu 
140 145 150 155 

AGC TGG GAC AGT TTC AAC AAG GGT GAC TGC TTC ATC ATT GAC CTT GGC 
Ser Trp Asp Ser Phe Asn Lys Gly Asp Cys Phe He He Asp Leu Gly 
160 165 170 

ACC GAA ATT TAT CAG TGG TGT GGT TCC TCG TGC AAC AAA TAT GAA CGT 
Thr Glu He Tyr Gin Trp Cys Gly Ser Ser Cys Asn Lys Tyr Glu Arg 
175 180 185 

CTG AAG GCA AAC CAG GTA GCT ACT GGC ATT CGG TAC AAT GAA AGG AAA 
Leu Lys Ala Asn Gin Val Ala Thr Gly lie Arg Tyr Asn Glu Arg Lys 
190 195 200 

GGA AGG TCT GAA CTA ATT GTC GTG GAA GAA GGA AGT GAA CCC TCA GAA 
Gly Arg Ser Glu Leu He Val Val Glu Glu Gly Ser Glu Pro Ser Glu 
205 210 215 

CTT ATA AAG GTC TTA GGG GAA AAG CCA GAG CTT CCA GAT GGA GGT GAT 
Leu He Lys Val Leu Gly Glu Lys Pro Glu Leu Pro Asp Gly Gly Asp 
220 225 230 235 

GAT GAT GAC ATT ATA GCA GAC ATA AGT AAC AGG AAA ATG GCT AAA CTA 
Asp Asp Asp He He Ala Asp lie Ser Asn Arg Lys Met Ala Lys Leu 
240 245 250 

TAC ATG GTT TCA GAT GCA AGT GGC TCC ATG AGA GTG ACT GTG GTG GCA 
Tyr Met Val Ser Asp Ala Ser Gly Ser Met Arg Val Thr Val Val Ala 
255 260 265 

GAA GAA AAC CCC TTC TCA ATG GCA ATG CTG CTG TCT GAA GAA TGC TTT 
Glu Glu Asn Pro Phe Ser Met Ala Met Leu Leu Ser Glu Glu Cys Phe 
270 275 280 
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ATT TTG GAC CAC GGG GCT GCC AAA CAA ATT TTC GTA TGG AAA GGT AAA 975 

He Leu Asp His Gly Ala Ala Lys Gin He Phe Val Trp Lys Gly Lys 
285 290 295 

GAT GCT AAT CCC CAA GAG AGG AAG GCT GCA ATG AAG ACA GCT GAA GAA 1023 

Asp Ala Asn Pro Gin Glu Arg Lys Ala Ala Met Lys Thr Ala Glu Glu 
300 305 310 315 

TTT CTA CAG CAA ATG AAT TAT TCC AAG AAT ACC CAA ATT CAA GTT CTT 1071 

Phe Leu Gin Gin Met Asn Tyr Ser Lys Asn Thr Gin He Gin Val Leu 
320 325 330 

CCA GAA GGA GGT GAA ACA CCA ATC TTC AAA CAG TTT TTT AAG GAC TGG 1119 

Pro Glu Gly Gly Glu Thr Pro He Phe Lys Gin Phe Phe Lys Asp Trp 
335 340 345 

AGA GAT AAA GAT CAG AGT GAT GGC TTC GGG AAA GTT TAT GTC ACA GAG 1167 

Arg Asp Lys Asp Gin Ser Asp Gly Phe Gly Lys Val Tyr Val Thr Glu 

350 355 360 

AAA GTG GCT CAA ATA AAA CAA ATT CCC TTT GAT GCC TCA AAA TTA CAC 1215 

Lys Val Ala Gin He Lys Gin He Pro Phe Asp Ala Ser Lys Leu His 
365 370 375 

AGT TCT CCG CAG ATG GCA GCC CAG CAC AAT ATG GTG GAT GAT GGT TCT 12 63 

Ser Ser Pro Gin Met Ala Ala Gin His Asn Met Val Asp Asp Gly Ser 
380 385 390 395 

GGC AAA GTG GAG ATT TGG CGT GTA GAA AAC AAT GGT AGG ATC CAA GTT 1311 
Gly Lys Val Glu lie Trp Arg Val Glu Asn Asn Gly Arg He Gin Val 
400 405 410 

GAC CAA AAC TCA TAT GGT GAA TTC TAT GGT GGT GAC TGC TAC ATC ATA 1359, 

Asp Gin Asn Ser Tyr Gly Glu Phe Tyr Gly Gly Asp Cys Tyr He lie 
415 420 425 

CTC TAC ACC TAT CCC AGA GGA CAG ATT ATC TAC ACG TGG CAA GGA GCA 14 07 

Leu Tyr Thr Tyr Pro Arg Gly Gin He He Tyr Thr Trp Gin Gly Ala 

430 435 440 

AAT GCC ACA CGA GAT GAG CTG ACA ACA TCT GCG TTC CTG ACT GTT CAG 14 55 

Asn Ala Thr Arg Asp Glu Leu Thr Thr Ser Ala Phe Leu Thr Val Gin 
445 450 455 

TTG GAT CGG TCC CTT GGA GGA CAG GCT GTG CAG ATC CGA GTC TCC CAA 1503 

Leu Asp Arg Ser Leu Gly Gly Gin Ala Val Gin He Arg Val Ser Gin 
460 465 470 475 

GGC AAA GAG CCT GTT CAC CTA CTG AGT TTG TTC AAA GAC AAA CCG CTC 1551 

Gly Lys Glu Pro Val His Leu Leu Ser Leu Phe Lys Asp Lys Pro Leu 
480 485 490 

ATT ATT TAC AAG AAT GGA ACA TCA AAG AAA GGA GGT CAG GCA CCT GCT 15 99 

lie lie Tyr Lys Asn Gly Thr Ser Lys Lys Gly Gly Gin Ala Pro Ala 
495 500 505 

CCC CCT ACA CGC CTC TTT CAA GTC CGG AGA AAC CTG GCA TCT ATC ACC 1647 

Pro Pro Thr Arg Leu Phe Gin Val Arg Arg Asn Leu Ala Ser He Thr 

510 515 520 

AGA ATT GTG GAG GTT GAT GTT GAT GCA AAT TCA CTG AAT TCT AAC GAT 1695 
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Arg He Val Glu Val Asp Val Asp Ala Asn Ser Leu Asn Ser Asn Asp 
525 530 535 

GTT TGT GTC CTG AAA CTG CCA CAA AAT AGT GGC TAC ATC TGG GTA GGA 17 4 3 

Val Cys Val Leu Lys Leu Pro Gin Asn Ser Gly Tyr He Trp Val Gly 
540 545 550 555 

AAA GGT GCT AGC CAG GAG GAG GAG AAA GGA GCA GAG TAT GTA GCA AGT 17 91 

Lys Gly Ala Ser Gin Glu Glu Glu Lys Gly. Ala Glu Tyr Val Ala Ser 
560 565 570 

GTC CTA AAG TGC AAA ACC TTA AGG ATC CAA GAA GGC GAG GAG CCA GAG 183 9 

Val Leu Lys Cys Lys Thr Leu Arg He Gin Glu Gly Glu Glu Pro Glu 
575 580 585 

GAG TTC TGG AAT TCC CTT GGA GGG AAA AAA GAC TAC CAG ACC TCA CCA 1887 
Glu Phe Trp Asn Ser Leu Gly Gly Lys Lys Asp Tyr Gin Thr Ser Pro 
590 595 600 

CTA CTG GAA ACC CAG GCT GAA GAC CAT CCA CCT CGG CTT TAC GGC TGC 1935 
Leu Leu Glu Thr Gin Ala Glu Asp His Pro Pro Arg Leu Tyr Gly Cys 
605 610 615 

TCT AAC AAA ACT GGA AGA TTT GTT ATT GAA GAG ATT CCA GGA GAG TTC 1983 
Ser Asn Lys Thr Gly Arg Phe Val He Glu Glu lie Pro Gly Glu Phe 
620 625- 630 635 

ACC CAG GAT GAT TTA GCT GAA GAT GAT GTC ATG TTA CTA GAT GCT TGG 2031 
Thr Gin Asp Asp Leu Ala Glu Asp Asp Val Met Leu Leu Asp Ala Trp 
640 645 650 

GAA CAG ATA TTT ATT TGG ATT GGC AAA GAT GCT AAT GAA GTT GAG AAA 207 9 

Glu- Gin He Phe lie Trp He Gly Lys Asp Ala Asn Glu Val Glu Lys 
655 660 665 

AAA GAA TCT CTG AAG TCT GCC AAA ATG TAC CTT GAG ACA GAC CCT TCT 2127 
Lys Glu Ser Leu Lys Ser Ala Lys Met Tyr Leu Glu Thr Asp Pro Ser 
670 675 680 

GGA AGA GAC AAG AGG ACA CCA ATT GTC ATC ATA AAA CAG GGC CAT GAG 217 5 

Gly Arg Asp Lys Arg Thr Pro He Val He He Lys Gin Gly His Glu 
685 690 695 

CCA CCC ACA TTC ACA GGC TGG TTC CTG GGC TGG GAT TCC AGC AAG TGG 2223 
Pro Pro Thr Phe Thr Gly Trp Phe Leu Gly Trp Asp Ser Ser Lys Trp 
700 705 "710 715 

TAAATTGGTA TTTGTAAAAA GCAAACAAAC ATTACAAGGC AGTTATCTCA TTGCTGTTTT 2283 

GGGAGAGGAA CGGGAAAAGC TTTTTGCTTA TTTGTCTTTT GAAAATTAAG GCTGGGCGCG 234 3 

GTGGCTCACA CCTGTAATCC CAGCACTTTG AGAGGATGAG GTAGGCGGAT CACTGGGGTC 24 03 

AGGATTTCGA GACCAGCCTG GCCAACATGG CGAAACCTCG CCTCTACTAA AAATACAAAA 24 63 

AAATTAGCTG CGCGTGGTGG TGCACGCCTG TAGTCCCTGC TACT TGG AAG GCTGAGACAG 2523 

GAAAATTGCT TGAGCCCAGG AGGCTGAGGT TGCAGTGAGC CAGGATTGCG CCACCACACT 2583 



CCAGCCTGGG CAACAGAGAC TCTGTCTCAA AAAAAAAAAA AAAAAAA 



2630 



(2) INFORMATION FOR SEQ ID NO : 7 : 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 715 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Met Ala Arg Glu Leu Tyr His Glu Glu Phe Ala Arg Ala Gly Lys Gin 
15 10 15 

Ala Gly Leu Gin Val Trp Arg He Glu Lys Leu Glu Leu Val Pro Val 
20 25 30 

Pro Gin Ser Ala His Gly Asp Phe Tyr Val Gly Asp Ala Tyr Leu Val 
35 40 45 

Leu His Thr Ala Lys Thr Ser Arg Gly Phe Thr Tyr His Leu His Phe 
50 55 60 

Trp Leu Gly Lys Glu Cys Ser Gin Asp Glu Ser Thr Ala Ala Ala He 
65 70 75 80 

Phe Thr Val Gin Met Asp Asp Tyr Leu Gly Gly Lys Pro Val Gin Asn 



Arg Glu Leu Gin Gly Tyr Glu Ser Asn Asp Phe Val Ser Tyr Phe Lys 
100 105 HO 

Gly Gly Leu Lys Tyr Lys Ala Gly Gly Val Ala Ser Gly Leu Asn His 
115 120 125 

Val Leu Thr Asn Asp Leu Thr Ala Lys Arg Leu Leu His Val Lys Gly 
130 135 140 

Arg Arg Val Val Arg Ala -Thr Glu Val Pro Leu Ser Trp Asp Ser Phe 
145 150 155 160 

Asn Lys Gly Asp Cys Phe He He Asp Leu Gly Thr Glu He Tyr Gin 
165 170 175 

Trp Cys Gly Ser Ser Cys Asn Lys Tyr Glu Arg Leu Lys Ala Asn Gin 
180 185 190 

Val Ala Thr Gly He Arg Tyr Asn Glu Arg Lys Gly Arg Ser Glu Leu 
195 200 205 

He Val Val Glu Glu Gly Ser Glu Pro Ser Glu Leu He Lys Val Leu 
210 215 220 

Gly Glu Lys Pro Glu Leu Pro Asp Gly Gly Asp Asp Asp Asp He He 
225 230 235 240 

Ala Asp He Ser Asn Arg Lys Met Ala Lys Leu Tyr Met Val Ser Asp 
245 250 255 

Ala Ser Gly Ser Met Arg Val Thr Val Val Ala Glu Glu Asn Pro Phe 
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265 
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Ser Met Ala Met Leu Leu Ser Glu Glu Cys Phe lie Leu Asp His Gly 
275 280 285 

Ala Ala Lys Gin lie Phe Val Trp Lys Gly Lys Asp Ala Asn Pro Gin 
290 295 300 

Glu Arg Lys Ala Ala Met Lys Thr Ala Glu Glu Phe Leu Gin Gin Met 
305 310 315 320 

Asn Tyr Ser Lys Asn Thr Gin lie Gin Val Leu Pro Glu Gly Gly Glu 
325 330 335 

Thr Pro lie Phe Lys Gin Phe Phe Lys Asp Trp Arg Asp Lys Asp Gin 
340 345 350 

Ser Asp Gly Phe Gly Lys Val Tyr Val Thr Glu Lys Val Ala Gin He 
355 360 365 

Lys Gin He Pro Phe Asp Ala Ser Lys Leu His Ser Ser Pro Gin Met 
370 375 380 

Ala Ala Gin His Asn Met Val Asp Asp Gly Ser Gly Lys Val Glu lie 
385 390 395 400 

Trp Arg Val Glu Asn Asn Gly Arg He Gin Val Asp Gin Asn Ser Tyr 
405 410 415 

Gly Glu Phe Tyr Gly Gly Asp Cys Tyr lie He Leu Tyr Thr Tyr Pro 
420 425 430 

Arg Gly Gin He lie Tyr Thr Trp Gin Gly Ala Asn Ala Thr Arg Asp 



Glu Leu Thr Thr Ser Ala Phe Leu Thr Val Gin Leu Asp Arg Ser Leu 
450 455 460 

Gly Gly Gin Ala Val Gin He Arg Val Ser Gin Gly Lys Glu Pro Val 
465 470 475 480 

His Leu Leu Ser Leu Phe Lys Asp Lys Pro Leu He lie Tyr Lys Asn 
485 490 495 

Gly Thr Ser Lys Lys Gly Gly Gin Ala Pro Ala Pro Pro Thr Arg Leu 
500 505 510 

Phe Gin Val Arg Arg Asn Leu Ala Ser He Thr Arg lie Val Glu Val 
515 520 525 

Asp Val Asp Ala Asn Ser Leu Asn Ser Asn Asp Val Cys Val Leu Lys 
530 535 540 

Leu Pro Gin Asn Ser Gly Tyr He Trp Val Gly Lys Gly Ala Ser Gin 
545 550 555 560 

Glu Glu Glu Lys Gly Ala Glu Tyr Val Ala Ser Val Leu Lys Cys Lys 
565 570 575 

Thr Leu Arg He Gin Glu Gly Glu Glu Pro Glu Glu Phe Trp Asn Ser 
580 585 590 
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Leu Gly Gly Lys 
595 

Ala Glu Asp His 
610 

Arg Phe Val lie 
625 

Ala Glu Asp Asp 



Trp lie Gly Lys 
660 



Ser Ala Lys Met 
675 

Thr Pro He Val 
690 

Gly Trp Phe Leu 
705 



Lys Asp Tyr Gin 
600 



Pro Pro Arg Leu 
615 

Glu Glu He Pro 
630 

Val Met Leu Leu 
645 

Asp Ala Asn Glu 



Tyr Leu Glu Thr 
680 



He He Lys Gin 
695 



Gly Trp Asp Ser 
710 



Thr Ser Pro Leu 



Tyr Gly Cys Ser 
620 

Gly Glu Phe Thr 
635 

Asp Ala Trp Glu 
650 

Val Glu Lys Lys 
665 

Asp Pro Ser Gly 



Gly His Glu Pro 
700 



Ser Lys Trp 
715 



Leu Glu Thr Gin 
605 

Asn Lys Thr Gly 



Gin Asp Asp Leu 
640 

Gin He Phe He 
655 

Glu Ser Leu Lys 
670 



Arg Asp Lys Arg 
685 

Pro Thr Phe Thr 



(2) INFORMATION FOR SEQ ID NO: 8: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Leu Asn His Val Leu Thr Asn Asp Leu Thr Ala Lys Arg Leu Leu Hi 
15 10 15 



(2) INFORMATION FOR SEQ ID NO : 9 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Lys Val Tyr Val Thr Glu Lys Val Ala Gin He Lys Gin He Pro Ph< 
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15 10 15 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 782 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Met Ala Pro His Arg Pro Ala Pro Ala Leu Leu Cys Ala Leu Ser Leu 
15 10 15 

Ala Leu Cys Ala Leu Ser Leu Pro Val Arg Ala Ala Thr Ala Ser Arg 
20 25 ' 30 

Gly Ala Ser Gin Ala Gly Ala Pro Gin Gly Arg Val Pro Glu Ala Arg 
35 40 45 

Pro Asn Ser Met Val Val Glu His Pro Glu Phe Leu Lys Ala Gly Lys 
50 55 60 

Glu Pro Gly Leu Gin lie Trp Arg Val Glu Lys Phe Asp Leu Val Pro 



Val Pro Thr Asn Leu Tyr Gly Asp Phe Phe Thr Gly Asp Ala Tyr Val 
85 90 95 

lie Leu Lys Thr Val Gin Leu Arg Asn Gly Asn Leu Gin Tyr Asp Leu 
100 105 ' 110 

His Tyr Trp Leu Gly Asn Glu Cys Ser Gin Asp Glu Ser Gly Ala Ala 
115 120 125 

Ala He Phe Thr Val Gin Leu Asp Asp Tyr Leu Asn Gly Arg Ala Val 
130 135 140 

Gin His Arg Glu Val Gin Gly Phe Glu Ser Ala Thr Phe Leu Gly Tyr 
145 150 155 160 

Phe Lys Ser Gly Leu Lys Tyr Lys Lys Gly Gly Val Ala Ser Gly Phe 
165 " ' 170 " 175 

Lys His Val Val Pro Asn Glu Val Val Val Gin Arg Leu Phe Gin Val 
180 185 190 

Lys Gly Arg Arg Val Val Arg Ala Thr Glu Val Pro Val Ser Trp Glu 
195 200 205 

Ser Phe Asn Asn Gly Asp Cys Phe He Leu Asp Leu Gly Asn Asn He 
210 215 220 

His Gin Trp Cys Gly Ser Asn Ser Asn Arg Tyr Glu Arg Leu Lys Ala 
225 230 235 240 
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Thr Gin Val Ser Lys Gly lie Arg Asp Asn Glu Arg Ser Gly Arg Ala 
245 250 255 



Arg Val His Val Ser Glu Glu Gly Thr Glu Pro Glu Ala Met Leu Gin 
260 265 270 

Val Leu Gly Pro Lys Pro Ala Leu Pro Ala Gly Thr Glu Asp Thr Ala 
275 280 285 

Lys Glu Asp Ala Ala Asn Arg Lys Leu Ala Lys Leu Tyr Lys Val Ser 
290 295 300 

Asn Gly Ala Gly Thr Met Ser Val Ser Leu Val Ala Asp Glu Asn Pro 
305 310 315 320 

Phe Ala Gin Gly Ala Leu Lys Ser Glu Asp Cys Phe lie Leu Asp His 
325 330 335 

Gly Lys Asp Gly Lys lie Phe Val Trp Lys Gly Lys Gin Ala Asn Thr 
340 345 350 

Glu Glu Arg Lys Ala Ala Leu Lys Thr Ala Ser Asp Phe lie Thr Lys 
355 360 365 

Met Asp Tyr Pro Lys Gin Thr Gin Val Ser Val Leu Pro Glu Gly Gly 
370 375 380 

Glu Thr Pro Leu Phe Lys Gin Phe Phe Lys Asn Trp Arg Asp Pro Asp 
385 390 395 400 

Gin Thr Asp Gly Leu Gly Leu Ser Tyr Leu Ser Ser His lie Ala Asn 
405 410 415 

Val Glu Arg Val Pro Phe Asp Ala Ala Thr Leu His Thr Ser Thr Ala 
420 425 430 

Met Ala Ala Gin His Gly Met Asp Asp Asp Gly Thr Gly Gin Lys Gin 
435 440 445 

lie Trp Arg lie Glu Gly Ser Asn Lys Val Pro Val Asp Pro Ala Thr 
450 455 460 

Tyr Gly Gin Phe Tyr Gly Gly Asp Ser Tyr lie lie Leu Tyr Asn Tyr 
465 470 475 480 

Arg His Gly Gly Arg Gin Gly Gin lie lie Tyr Asn Trp Gin Gly Ala 
485 490 495 

Gin Ser Thr Gin Asp Glu Val Ala Ala Ser Ala He Leu Thr Ala Gin 
500 505 510 

Leu Asp Glu Glu Leu Gly Gly Thr Pro Val Gin Ser Arg Val Val Gin 
515 520 525 

Gly Lys Glu Pro Ala His Leu Met Ser Leu Phe Gly Gly Lys Pro Met 
530 535 540 



He He Tyr Lys Gly Gly Thr Ser Arg Glu Gly Gly Gin Thr Ala Pro 
545 550 555 560 
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Ala Ser Thr Arg Leu Phe Gin Val Arg Ala Asn Ser Ala Gly Ala Thr 
565 570 575 



Arg Ala Val Glu Val Leu Pro Lys Ala Gly Ala Leu Asn Ser Asn Asp 
580 585 590 

Ala Phe Val Leu Lys Thr Pro Ser Ala Ala Tyr Leu Trp Val Gly Thr 
595 600 605 

Gly Ala Ser Glu Ala Glu Lys Thr Gly Ala Gin Glu Leu Leu Arg Val 
610 615 620 

Leu Arg Ala Gin Pro Val Gin Val Ala Glu Gly Ser Glu Pro Asp Gly 
625 630 635 640 

Phe Trp Glu Ala Leu Gly Gly Lys Ala Ala Tyr Arg Thr Ser Pro Arg 
645 650 655 

Leu Lys Asp Lys Lys Met Asp Ala His Pro Pro Arg Leu Phe Ala Cys 
660 665 670 

Ser Asn Lys lie Gly Arg Phe Val He Glu Glu Val Pro Gly Glu Leu 
675 680 685 

Met Gin Glu Asp Leu Ala Thr Asp Asp Val Met Leu Leu Asp Thr Trp 
690 695 700 

Asp Gin Val Phe Val Trp Val Gly Lys Asp Ser Gin Glu Glu Glu Lys 
705 710 715 720 

Thr Glu Ala Leu Thr Ser Ala Lys Arg Tyr He Glu Thr Asp Pro Ala 
725 730 735 

Asn Arg Asp Arg Arg Thr Pro He Thr Val Val Lys Gin Gly Phe Glu 
740 745 750 

Pro Pro Ser Phe Val Gly Trp Phe Leu Gly Trp Asp Asp Asp Tyr Trp 
755 760 765 

Ser Val Asp Pro Leu Asp Arg Ala Met Ala Glu Leu Ala Ala 
770 775 780 

INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 827 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Met Thr Lys Leu Ser Ala Gin Val Lys Gly Ser Leu Asn He Thr Thr 
15 10 15 

Pro Gly Leu Gin He Trp Arg He Glu Ala Met Gin Met Val Pro Val 
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20 25 30 

Pro Ser Ser Thr Phe Gly Ser Phe Phe Asp Gly Asp Cys Tyr lie lie 
35 40 45 

Leu Ala lie His Lys Thr Ala Ser Ser Leu Ser Tyr Asp lie His Tyr 
50 55 60 

Trp He Gly Gin Asp Ser Ser Leu Asp Glu Gin Gly Ala Ala Ala He 



Tyr Thr Thr Gin Met Asp Asp Phe Leu Lys Gly Arg Ala Val Gin His 
85 90 95 

Arg Glu Val Gin Gly Asn Glu Ser Glu Ala Phe Arg Gly Tyr Phe Lys 
100 105 110 

Gin Gly Leu Val He Arg Lys Gly Gly Val Ala Ser Gly Met Lys His 
115 120 125 

Val Glu Thr Asn Ser Tyr Asp Val Gin Arg Leu Leu His Val Lys Gly 
130 135 140 

Lys Arg Asn Val Val Ala Gly Glu Val Glu Met Ser Trp Lys Ser Phe 
145 150 155 160 

Asn Arg Gly Asp Val Phe Leu Leu Asp Leu Gly Lys Leu He He Gin 
165 170 175 

Trp Asn Gly Pro Glu Ser Thr Arg Met Glu Arg Leu Arg Gly Met Thr 
180 185 190 

Leu Ala Lys Glu He Arg Asp Gin Glu Arg Gly Gly Arg Thr Tyr Val 
195 200 205 

Gly Val Val Asp Gly Glu Asn Glu Leu Ala Ser Pro Lys Leu Met Glu 
210 215 220 

Val Met Asn His Val Leu Gly Lys Arg Arg Glu Leu Lys Ala Ala Val 
225 230 235 240 

Pro Asp Thr Val Val Glu Pro Ala Leu Lys Ala Ala Leu Lys Leu Tyr 
245 250 255 

His Val Ser Asp Ser Glu Gly Asn Leu Val Val Arg Glu Val Ala Thr 
260 265 270 

Arg Pro Leu Thr Gin Asp Leu Leu Ser His Glu Asp Cys Tyr He Leu 
275 280 285 

Asp Gin Gly Gly Leu Lys lie Tyr Val Trp Lys Gly Lys Lys Ala Asn 
290 295 300 

Glu Gin Glu Lys Lys Gly Ala Met Ser His Ala Leu Asn Phe He Lys 
305 310 315 320 

Ala Lys Gin Tyr Pro Pro Ser Thr Gin Val Glu Val Gin Asn Asp Gly 
325 330 335 

Ala Glu Ser Ala Val Phe Gin Gin Leu Phe Gin Lys Trp Thr Ala Ser 
340 345 350 
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Asn Arg Thr Ser Gly Leu Gly Lys Thr His Thr Val Gly Ser Val Ala 
355 360 365 



Lys Val Glu Gin Val Lys Phe Asp Ala Thr Ser Met His Val Lys Pro 
370 375 380 

Gin Val Ala Ala Gin Gin Lys Met Val Asp Asp Gly Ser Gly Glu Val 
385 390 395 400 

Gin Val Trp Arg He Glu Asn Leu Glu Leu Val Pro Val Asp Ser Lys 
405 410 415 

Trp Leu Gly His Phe Tyr Gly Gly Asp Cys Tyr Leu Leu Leu Tyr Thr 
420 425 430 

Tyr Leu He Gly Glu Lys Gin His Tyr Leu Leu Tyr Val Trp Gin Gly 
435 440 445 

Ser Gin Ala Ser Gin Asp Glu He Thr Ala Ser Ala Tyr Gin Ala Val 
450 455 460 

He Leu Asp Gin Lys Tyr Asn Gly Glu Pro Val Gin He Arg Val Pro 
465 470 475 480 

Met Gly Lys Glu Pro Pro His Leu Met Ser lie Phe Lys Gly Arg Met 
485 490 495 

Val Val Tyr Gin Gly Gly Thr Ser Arg Thr Asn Asn Leu Glu Thr Gly 
500 505 510 

Pro Ser Thr Arg Leu Phe Gin Val Gin Gly Thr Gly Ala Asn Asn Thr 
515 520 525 

Lys Ala Phe Glu Val Pro Ala Arg Ala Asn Phe Leu Asn Ser Asn Asp 
530 535 540 

Val Phe Val Leu Lys Thr Gin Ser Cys Cys Tyr Leu Trp Cys Gly Lys 
545 550 555 560 

Gly Cys Ser Gly Asp Glu Arg Glu Met Ala Lys Met Val Ala Asp Thr 
565 570 575 

He Ser Arg Thr Glu Lys Gin Val Val Val Glu Gly Gin Glu Pro Ala 
580 585 590 

Asn Phe Trp Met Ala Leu Gly Gly Lys Ala Pro Tyr Ala Asn Thr Lys 
595 600 605 

Arg Leu Gin Glu Glu Asn Leu Val He Thr Pro Arg Leu Phe Glu Cys 
610 615 620 

Ser Asn Lys Thr Gly Arg Phe Leu Ala Thr Glu He Pro Asp Phe Asn 
625 630 635 640 

Gin Asp Asp Leu Glu Glu Asp Asp Val Phe Leu Leu Asp Val Trp Asp 
645 650 655 

Gin Val Phe Phe Trp He Gly Lys His Ala Asn Glu Glu Glu Lys Lys 
660 665 670 
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Ala Ala Ala Thr 
675 

Arg Asp Pro Glu 
690 



Pro Thr Phe Thr 
705 

Asn Thr Lys Ser 



Asp Trp Ser Gin 
740 

Phe Asn Ala Asn 

755 

Leu Glu Gin Leu 
770 



Asp Pro Ser Arg 
785 

Ala Phe Gly Met 



Gin Gin Asn Leu 
820 



Thr Ala Gin Glu 
680 

Thr Pro lie He 
695 

Gly Trp Phe Leu 
710 



Tyr Glu Asp Leu 
725 

He Thr Ala Glu 



Ser Asn Leu Ser 
760 

Val Asn Lys Pro 
775 

Lys Glu Glu His 
790 

Thr Pro Ala Ala 
805 

Lys Lys Glu Lys 



Tyr Leu Lys Thr 



Val Val Lys Gin 
700 

Ala Trp Asp Pro 
715 



Lys Ala Glu Ser 
730 

Val Thr Ser Pro 
745 

Ser Gly Pro Leu 



Val Glu Glu Leu 
780 

Leu Ser He Glu 
795 

Phe Ser Ala Leu 
810 

Gly Leu Phe 
825 



His Pro Ser Gly 
685 



Gly His Glu Pro 



Phe Lys Trp Ser 
720 



Gly Asn Leu Arg 
735 

Lys Val Asp Val 
750 

Pro He Phe Pro 
765 

Pro Glu Gly Val 



Asp Phe Thr Gin 
800 



Pro Arg Trp Lys 
815 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc = "PRIMER" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
GATGCGGATC CAAYGAYYTN ACNGCNCA 



(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc = " PRIMER" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
GATGCATCGA TACRTGNGCN ACYTTYTC 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc = "PRIMER" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
CTCGAGGGTG GCGACGACTC C 



(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 
• (A) LENGTH: 23 base pairs 

(B) TYPE : nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc = "PRIMER" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
GCGGCCGCTT GACACCAGAC CAA 



(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc = " PRIMER' 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
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CAGCTATGAC CATGATTACG CCAA 



24 



(2) INFORMATION FOR SEQ ID NO: 17: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc = " PRIMER" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
ACGACGGCCA GTGAATTGCG TAAT 24 



(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Lys Val Ala Lys Val Glu Gin Val Lys Phe Asp Ala 
1 5 10 
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